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FOREWORD 



Diesel Engine Maintenance Training Manual — U. S. Navy has been written to fill the need in Navy training 
schools for a practical text on the subject, to provide for continued later training, and to guide those concerned 
in trouble shooting aboard ship and at shore bases. It is intended to complement Fundamentals of Diesel Engines — 
U.S. Navy. 

The latter publication explains the principles of the diesel engine; and the purpose and function of engine 
systems, component parts, and accessories. This publication continues the subject into the field of actual engine 
operation. It explains the methods of preventing or detecting operating irregularities and casualties, the 
maintenance and repair of specific equipment, and the best or recommended mechanical practices applicable. 

This manual will be of particular value when used to supplement the regular training courses in all classes 
of diesel schools. Rarely during this type of training are irregularities or casualties encountered in the equip- 
ment under study. This applies particularly to those troubles that develop progressively. They must be simu- 
lated or introduced by the instructor. Time and equipment limitations do not permit a comprehensive study, in 
the school laboratories, of the innumerable items in the maintenance and casualty repair field. 

Lack of knowledge or experience in caring for these items, many of them minor and obscure, contributes in 
large measure to the air of mystery which persists in surrounding the engine in some quarters and to the unneces- 
sary casualties and loss of power. This publication will serve as a source of additional information, enabling 
the trainee to perform his engine room duties more competently. 

This publication will be equally valuable aboard ship and at shore stations in further training, and for refer- 
ence purposes by qualified personnel. When so used it will in no sense supersede the various instruction manuals 
and technical directives issued by the Bureau of Ships. The manuscript, prepared by the Bureau of Ships and 
based upon that bureau's large store of operating data and experience, may be described justly as an over-all 
discussion of that store of data and experience. 

Chapter 1 presents a concise trouble shooting guide and provides the engine operator with sound general 
procedures to be followed in locating the causes of faulty engine operation. 

The remainder of the book discusses troubles most likely to be encountered in diesel operation. Trouble 
causes are enumerated according to the various engine systems, along with the proper preventive measures to 
forestall their happening, and the proper repair methods if the troubles do happen. The preventive measures 
cannot be too highly stressed. The diesel engine, if properly maintained, should be relatively as trouble free 
as any comparable high grade machine. 
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CHAPTER I 

TROUBLES: THEIR SYMPTOMS AND THEIR CAUSES 



A. GENERAL TROUBLE SHOOTING 
PROCEDURE 

1 A1 . Recognizing and locating troubles. A com- 
paratively minor engine trouble, if not recognized and 
remedied in its early stages, may easily develop into a 
major breakdown. Furthermore, this complete failure 
may occur at a critical moment, imperiling both ship 
and crew. Consequently, every diesel operator must 
be a trouble shooter. 

The successful trouble shooter must meet the fol- 
lowing qualifications: 

1. He must be able to recognize symptoms of 
trouble when he sees, hears, smells, or feels them. 

2. Having decided that something is wrong with 
the engine, he must be able to determine expeditiously 
what repairs may be necessary. 

It must be remembered that the engine frequently 
continues to operate even when a serious casualty is 
imminent. However, symptoms of the impending 
trouble are almost always present. 

One of the best methods for detecting trouble is to 
read regularly and record in the log, engine instrument 
indications. Should the instrument readings vary 
markedly from those specified in the engine instruc- 
tion manual, the operator knows that the engine is 
not operating properly and that adjustment must be 
made. He must, therefore, be familiar with the speci- 
fications given in the engine instruction manual 
regarding proper temperatures, pressures, speeds, and 
so forth. He should also try to visualize the probable 
effect on the engine of variations from these specified 
values. The exact significance of pressure and temper- 
ature readings depends largely on the location of the 
instruments in the system. For this reason, the opera- 
tor should be familiar with their location. 

Another good method for the recognition of trouble 
is to be attentive to unusual engine noises that may 

666202°-H6-2 

Digitized by 



Go gle 



occur during operation. Although the diesel engine is 
inherently noisy, an observant operator is quick to 
notice changes in the normal operating sounds. 
Whenever an unusual noise occurs, it is an indication 
that something within the engine is not normal. It 
is then the responsibility of the operator to determine 
the cause of the noise. 

The trouble shooter must also make periodic inspec- 
tions to discover failure of visible parts, presence of 
smoke, or leakage of lube oil, fuel oil, or water. 
Leakage is observed most readily when the exterior of 
the deck, engine, and piping are kept spotlessly clean. 
Hence, wiping down the engine room not only makes 
that space shipshape and more livable, but also 
facilitates trouble shooting. 

As soon as a symptom of trouble is recognized, the 
operator must automatically do several things. He 
must decide immediately whether it is necessary to 
secure the engine. In most cases where the engine 
becomes unnecessarily noisy or engine instrument in- 
dications become extreme, it is necessary to secure the 
engine. Continued operation under such conditions 
frequently leads to extensive damage. However, it 
may be advisable to repair minor damage, such as a 
leak in piping, without securing the engine. The 
severity of the trouble and the immediate requirement of the 
ship for the engine determine whether an engine is to be se- 
cured or allowed to continue operating. 

Once the engine is secured, the operator must begin 
a search for the cause of the trouble. It is evident that 
an endless task confronts the operator who attempts to 
inspect each individual engine part every time a 
trouble occurs. Therefore, some systematic and logical 
method of inspection must be followed if the cause of 
the trouble is to be localized quickly. The best method 
is to isolate the trouble by identifying it with one of 
the engine's systems, for example, the air intake sys- 
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tern, the lubricating system, or the fuel system. The 
next step is to trace out that system until the failure is 
uncovered. This usually is possible because troubles 
generally originate in only one system. However, it is 
to be remembered that the troubles occurring in one 
system may cause damage in other systems. If the 
derangement involves more than one engine system, 
each system must be traced through separately and 
each irregularity corrected. Obviously, the operator 
must know the systems and the purpose of each piece 
of equipment in the system before he can satisfactorily 
locate and remedy troubles. This knowledge is best 
attained by a thorough study of the engine instruction 
manual. 

The trouble shooter can save considerable time by 
analyzing the symptoms of the trouble and deciding, 
before starting to work on the engine, which compo- 
nents of the system under consideration can be sus- 
pected most logically of having caused the observed 
symptoms. Of these components, those most readily 
checked should be examined first. 

In instances where the symptoms definitely indicate 
which engine system is at fault, but give no clue as to 
which piece of equipment in the system may be respon- 
sible, it is advisable to start at the beginning of the 
system and trace completely through until the source 
of trouble is located. 

In Chapter 1, the most common engine symptoms 
are listed, with the possible troubles responsible for 
these symptoms. The information is necessarily gen- 
eral and, at best, will serve only as a pattern for pros- 
pective trouble shooters. Constant reference should 
be made to the remainder of the book for a complete 
discussion of the most common diesel engine troubles, 
their causes, how to prevent them, and the repairs that 
are necessary. 

Although experience is a great asset to the trouble 
shooter, any operator who conscientiously studies his 
engine, uses his common sense, and exercises his latent 
detecting ability, will soon be able to diagnose and 
correct engine troubles quickly and accurately. 

B. ENGINE FAILS TO START 

787. Engine will not crank but can be barred over* 

a. Air starting system — Possible troubles: 

1. Starting air supply is depleted due to: 

(a) Failure to refill the storage tanks after 

the last start. 

(b) Leaks in the air piping or valves. 

2. Valve in the air line is not open. 

3. Jacking gear interlock is engaged. 
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4. Improper functioning of the air starting 

distributor. 

5. Improper functioning of the cylinder air start 

valves. 

b. Electrical system — Possible troubles: 

1. Dead battery. 

2. Loose cables. 

3. Faulty starter switch due to: 

(a) Improper functioning of the solenoid. 

(b) Improper functioning of the push 

button. 

4. Faulty starting motor due to: 

(a) Dirty commutator. 

(b) Burned brushes. 

(c) Damaged motor field or armature. 

5. Jammed starter gear. 

702. Engine cannot be cranked and cannot be barred 
over. 

a. Possible troubles: 

1. Jacking gear not engaged properly. 

2. Seized piston. 

3. Water or other obstructions in the cylinder. 

4. Bearings fitted too tightly. 

1B3. Engine cranks but fails to start. 

a. Possible troubles: 

1. Insufficient cranking speed due to: 

(a) Low starting air pressure, weak bat- 

tery, or poor battery connections. 

(b) Lubricating oil viscosity too great. 

(c) Worn rings. 

(d) Leaky valves. 

2. Fuel contamination due to: 

(a) Air in the fuel. 

(b) Water in the fuel. 

3. Fuel throttle in OFF position. 

4. Insufficient fuel supply due to: * 

(a) Insufficient fuel supply in the day tank. 
(h) Clogged fuel filters or strainers. 

(c) Inlet valve closed in the fuel piping. 

(d) Leaks in the fuel piping. 

(e) Fuel system not primed. 

(f) Inoperative fuel transfer pump. 

(g) Inoperative high-pressure injection 

pump. 

5. Unsuitable fuel oil. 

6. Improper timing of the fuel system. 

7. Insufficient compression in the cylinders due 

to: 

(a) Leaky cylinder head gasket. 

(b) Leaky valves. 
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(c) Worn rings. 

(d) Cylinder indicator valves open. 

8. Overspeed trip accidentally tripped. (Some 

engines are equipped with trips that secure 
the engine, while others are equipped with 
an overspeed governor that merely returns 
the engine to its rated speed when the 
engine speed becomes excessive.) 

9. Engine governor inoperative due to: 

(a) Low oil level (if the governor is hy- 

draulic). 

(b) Binding of the control linkages. 
10. Cold starting device inoperative. 

C. UNUSUAL OR ERRATIC OPERATION 

TO. Engine stalls frequently. 

a. Possible troubles: 

1. Fuel system air bound. 

2. Incorrect governor operation due to: 

(a) Dirty governor or linkage. 

(b) Improper adjustment of the governor 

or linkage. 

3. Clogged fuel filters. 

4. One or more cylinders missing. 

5. Unsatisfactory operation of the fuel injection 

equipment due to: 

(a) Pump or nozzles sticking. 

(b) Worn injectors. 

(c) Defective pump. 

6. Cooling water temperature too low. 

7. Load applied too suddenly at low speeds. 

8. Improper timing of the valves. 

1C2. Engine stops suddenly. 

a. Possible troubles: 

1. Fuel contamination due to: 

(a) Air in the fuel. 

(b) Water in the fuel. 

2. Insufficient fuel supply due to: 

(a) Empty fuel tank. 

(b) Clogged filters and strainers. 

(c) Inoperative fuel supply pump. 

(d) Inoperative fuel injection pump. 

(e) Clogged fuel lines. 

3. Overspeed trip stops the engine due to im- 

proper functioning of the engine governor 
or trip. 

4. Obstructed exhaust manifold. 

5. Insufficient scavenging air due to: 

(a) Blower failure (seized blower rotors, 
or broken drive shaft). 
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(b) Clogged air silencer or air filter. 

6. Piston seizure. 

7. Derangement of the gear train or chain drive. 

1C3. Engine overspeeds. 

a. Possible troubles: 

1. Improper functioning of the governor mech- 

anism. 

2. Fuel pump control linkage binds. 

3. Tachometer inaccurate and reads low, caus- 

ing the operator to attempt to bring the 
engine speed up to correspond to the rated 
speed as registered on the tachometer. 

1C4. Engine will not carry load (loss of power). 

a. Possible troubles: 

1. Low compression pressure due to: 

(a) Leaky cylinder head gasket. 

(b) Leaky valves. 

(c) Worn rings. 

(d) Crack in the cylinder head or block. 

(e) Worn pistons and/or liners. 

2. Insufficient fuel due to: 

(a) Dirty filters. 

(b) Leaky fuel lines. 

(c) Fuel supply or transfer pump parts 

excessively worn. 

(d) Fuel injection pump parts excessively 

worn. 

3. Incorrect timing of the fuel injection system. 

4. Clogged nozzles or spray tips. 

5. Obstructions in the exhaust passages or 

muffler. 

6. Fuel control racks not properly positioned. 

7. Improper governor action. 

8. One or more cylinders misfiring due to: 

(a) Faulty injection equipment. 

9. Insufficient supply of air due to: 

(a) Clogged air intake ports. 

(b) Clogged air cleaner or silencer. 

10. Misalignment between the engine and pro- 
peller shaft. 

TC5. Engine will not shut off. 

a. Possible troubles: 

1. Improper adjustment or misalignment of the 

fuel control linkage. 

2. Stuck injector racks. 

3. Fuel oil leakage from the injectors. 

4. Lube oil leakages to the blower and air box. 

3 

UNIVERSITY OF MICHIGAN 



DIESEL ENGINE MAINTENANCE TRAINING MANUAL— U. S. NAVY 



1C6. Engine misfires or fires erratically. 

a. Possible troubles: 

1. Air in the fuel. 

2. Dirty fuel niters. 

3. Water in the fuel. 

4. Faulty nozzles. 

5. High-pressure injection pump troubles. 

6. Plugged air cleaner or silencer. 

7. Sticking or leaking cylinder valves. 

8. Worn pistons or liners. 

1C7. One engine cylinder misfires regularly. 

a. Possible troubles: 

1. Injection pump casualty to that particular 

cylinder due to: 

(a) Stuck plunger. 

(b) Fuel pump cutout mechanism engaged 

(some fuel pumps are equipped with a 
mechanism to cut out fuel injection 
to the cylinder in order that com- 
pression pressures may be measured). 

2. Faulty nozzle. 

3. Cylinder intake or exhaust valve sticking. 

4. Loss of compression in that particular 

cylinder due to: 

(a) Leaky cylinder head gasket. 

(b) Leaky valves. 

(c) Worn rings. 

(d) Crack in the cylinder head or block. 

(e) Worn pistons and or liners. 

1C8. Cylinder safety valves pop frequently during 
engine operation. 

a. Possible troubles: 

1. Excessive amount of fuel injected into 

cylinder due to: 

(a) Improper functioning of the high 

pressure injection pump. 

(b) Leaky nozzle or spray valve. 

(c) Loose fuel cam (if the cam is ad- 

justable). 

(d) Fuel pressure in the common rail too 

high (if that is the system used). 

2. Insufficient tension on the safety valve spring. 

3. Excessive amount of lube oil in the cylinder. 

4. Broken supercharge valve (if an HOR engine). 

5. Clogged or partially obstructed exhaust 

parts. 

7C9. Engine will not reach rated speed. 

a. Possible troubles: 

1 . Improper adjustment of the fuel control rack. 



2. Improper adjustment of the governor or 

linkage. 

3. Engine overloaded. 

4. Faulty injection equipment. 

TOO. Engine hunts (speed varies at constant throttle 
setting). 

a. Possible troubles: 

1. Improper functioning of the engine governor 

due to: 

(a) Sticky linkage. 

(b) Dirty governor. 

(c) Improper adjustment of the governor. 

2. Load fluctuating too unevenly for the gover- 

nor to maintain absolutely constant speed. 

D. NOISES 

1D1. Pounding. 

a. Possible troubles: 

1. Loose or excessively worn main and connect- 

ing rod bearings. 

2. Worn piston pin and piston pin bushing or 

bearings. 

3. Worn crosshead pin or crosshead pin bush- 

ings (double acting engine). 

4. Loose counterweights on the crankshaft. 

5. Worn camshaft bearings and auxiliary shaft 

bearings. 

6. Worn rocker arm bushings. 

7. Broken gears. 

8. Failed auxiliary drive gears. 

1D2. Knocking. 

a. Possible troubles: 

1. Detonation, or fuel knock, due to: 

(a) Engine not warmed up. 

(b) Early injector timing. 

(c) Leaky injection spray valves. 

1D3. Metallic clicking. 

a. Possible troubles: 

1. Improper functioning of the valve and valve 

operating mechanism due to: 

(a) Loose valve stem and guide. 

(b) Insufficient or excessive valve tappet 

clearances. 

(c) Loose cam follower or guide. 

(d) Valves stuck open. 

(e) Broken valve springs. 

2. Broken gear teeth in timing gear train. 
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IDA. Rattling. 

a. Possible troubles: 

1. Improper functioning of the vibration 

damper. 

2. Loose engine parts (bolts not tightened). 

3. Gear pump operating without prime. 

4. Antifriction bearing failure. 

Note: Detonation in some small high-speed engines may 
exhibit itself as a rattle rather than a knock. 

E. INSTRUMENTS— PRESSURE 

Note: The system should be studied carefully as the 
location of the pressure gage influences the sig- 
nificance of a pressure reading. 

1E1. Low lube oil pressure. 

a. Possible troubles: 

1. Inoperative or inaccurate oil pressure gage. 

2. Oil gage line plugged. 

3. Clogged filters and strainers and/or a sticking 

pressure relief valve (bypass around filter) 
stuck closed. 

4. Clogged lube oil cooler. 

5. Pressure relief valve (bypass) around the lube 

oil pump stuck open. 

6. Too low a setting on the pressure regulating 

valve. 

7. Worn or inoperative lube oil pump. 

8. Worn connecting rod, main and camshaft 

bearings. 

9. Worn valve rocker arm bushings. 

10. Low oil level in the crankcase or storage 

tank. 

11. Lube oil diluted with fuel oil. 

12. Leaks in the lube oil piping. 

13. The use of oil with a viscosity lower than 

specified. 

1 E2. High lube oil pressure. 

a. Possible troubles: 

1. Inaccurate pressure gage. 

2. Improper functioning of the pressure relief 

valve due to: 

(a) Stuck valve. 

(b) Spring setting too high. 

3. Unsuitable lubricating oil (viscosity too 

high). 

1E3. Low fuel oil pressure (in low-pressure fuel supply 
system). 

a. Possible troubles: 
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1. Inoperative or inaccurate fuel oil pressure 

gage 

2. Fuel oil gage line plugged. 

3. Clogged filters or strainers. 

4. Inoperative or worn fuel oil transfer pump. 

5. Insufficient fuel supply in the day tank. 

6. Leaks in the fuel oil piping. 

7. Clogged fuel oil lines upstream from the 

pressure gage. 

1EA. Low cooling water pressure (fresh). 

a. Possible troubles: 

1. Inoperative or inaccurate water pressure 

2. Clogged fresh water cooler. 

3. Circulating water system air bound. 

4. Water pressure gage line plugged. 

5. Insufficient makeup water to compensate for 

evaporation losses. 

1E5. Low cooling water pressure (salt). 

a. Possible troubles: 

1. Salt water system air bound. 

2. Clogged cooler. 

3. Inoperative or inaccurate water pressure gage. 

4. Gage line clogged. 

5. Clogged inlet strainer. 

1E6. High cooling water pressure (salt). 

a. Possible troubles: 

1. Sea water side of the cooler clogged. 

2. Inoperative pressure relief valve around the 

gear pump (if this type of pump is cm- 
ployed) due to: 

(a) Stuck valve. 

(b) Spring setting too high. 

3. Discharge valve partially closed (this valve 

is downstream of the gage). 

1E7. Low compression pressure. 

a. Possible troubles: 

1. Worn, broken, or stuck rings. 

2. Worn pistons or liners. 

3. Leaking cylinder head gasket. 

4. Inaccurate pressure measuring device. 

5. Leaking cylinder head valves. 

6. Incorrect timing of the exhaust and intake 

valves. 

7. Crack in the cylinder head or block. 

8. Insufficient air supply due to: 

(a) Inoperative blower. 

(b) Clogged scavenging air ports. 

(c) Clogged air filters. 
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1 £8. Low firing pressure. 

a. Possible troubles: 

1. Inaccurate pressure measuring device. 

2. Unsuitable fuel oil. 

3. Improper timing of the injectors (especially, 

late timing). 

4. Low compression pressure. 

5. Insufficient delivery of fuel to develop the 

required power due to: 

(a) Worn injection pump parts. 

(b) Clogged nozzles. 

1E9. High firing pressure, 

a. Possible troubles: 

1. Detonation due to: 

(a) Poor grade of fuel. 

(b) Cold engine. 

(c) Early injection timing. 

(d) Leaky nozzles. 

2. Engine overloaded. 

3. Maximum fuel setting incorrect. 

1E10. Low scavenging air receiver pressure (super- 
charged engine). 

a. Possible troubles: 

1. Inaccurate or inoperative pressure gage. 

2. Clogged gage line. 

3. Faulty operating blower or supercharger. 

4. Clogged air silencer, screen or air filter. 

1E11. High exhaust back pressure. 

a. Possible troubles: 

1. Improper functioning of the wet or dry type 

muffler. 

2. Restricted muffler. 

F. INSTRUMENTS— TEMPERATURE 

Note: Study the systems carefully, as the locations of 
the temperature measuring devices influence the 
significance of divergent readings. 

7 FT. Low lube oil temperature. 

a. Possible troubles: 

1. Inaccurate temperature gage. 

2. Excessive amount of cooling water entering 

lube oil cooler. 

3. Improper functioning of the temperature 

regulating device. 

4. Insufficient heating of the oil in the tank 

(cold weather). 

5. Engine not thoroughly warmed up. 
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1F2. High lube oil temperature. 

a. Possible troubles: 

1. Insufficient circulation of the oil due to: 

(a) Worn lube oil pump. 

(b) Low lube oil level in the supply tank. 

(c) Faulty operating pressure relief or pres- 

sure regulating valve. 

(d) Clogged lube oil lines. 

2. Inaccurate temperature gage. 

3. Insufficient cooling due to: 

(a) Clogged oil cooler. 

(b) Low sea water or fresh water pressure. 

(c) Fresh water or salt water system air 

bound. 

(d) Automatic lubricating oil temperature 

regulating valve stuck or not prop- 
erly adjusted. 

(e) Manual lubricating oil temperature 

regulating valve not properly ad- 
justed. 

(f) High fresh water temperature. 

4. Engine overloaded. 

5. Worn main, connecting rod, piston pin, and 

camshaft bearings. 

1F3. Low cooling water temperature (fresh). 

a. Possible troubles: 

1. Inaccurate or inoperative temperature gage. 

2. Insufficient engine load. 

3. Thermostats not functioning properly. 

1F4. High cooling water temperature (fresh). 

a. Possible troubles: 

1. Insufficient supply of fresh water due to: 

(a) Low level in the expansion tank. 

(b) Inoperative or worn fresh water pump. 

(c) Improper setting on the temperature 

regulator. 

(d) Fresh water system air bound. 

(e) Improper action of the thermostats. 

2. Insufficient supply of salt water through the 

fresh water cooler due to: 

(a) Clogged cooler. 

(b) Inoperative or worn salt water pump. 

(c) Salt water system air bound. 

(d) Clogged inlet strainer or screen. 

3. Faulty temperature gage. 

4. Overloaded engine. 

5. Blown cylinder head gasket. 
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1F5. Low cylinder exhaust temperature. 

a. Possible troubles: 

1. Light mechanical or electrical load. 

2. Insufficient supply of fuel. 

3. Injection advanced too much. 

4. Inaccurate temperature measuring device. 

1F6. High exhaust temperature in one cylinder. 

a. Possible troubles: 

1. Inaccurate temperature measuring device. 

2. Fuel pump rack stuck in FULL fuel position. 

3. Late injection timing. 

4. Fuel pump injecting an abnormal amount of 

fuel to the cylinder. 

5. Broken supercharge valve (HOR engine). 

6. High exhaust back pressure. 

7. Cooling water flow stopped or partially 

restricted to the cylinder. 

G. INSTRUMENTS- 
CORRELATION OF CYLINDER EXHAUST 
TEMPERATURES AND CYLINDER FIRING 
AND COMPRESSION PRESSURES 

1G1. Low firing pressure and low exhaust tern* 
perature. 

a. Possible trouble: 

1. Insufficient fuel supply caused by improper 
positioning of the fuel rack. 

7G2. Low firing pressure and high exhaust tempera- 
ture. 

a. Possible troubles: 

1. Late injection. 

2. Insufficient clearance of the exhaust valve or 

valves. 

3. Leaky fuel nozzle. 

7G3. High firing pressure and low exhaust 
temperature. 

a. Possible trouble: 

1. Early injection. 

1G4. High firing pressure and high exhaust tem- 
perature. 

a. Possible trouble: 

1. Excessive amount of fuel delivered. Increase 
of improper positioning of the fuel control 
racks. 
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1GS. Low compression pressure and low exhaust 
temperature. 

a. Possible troubles: 

1. Cylinder head gasket too thick. 

2. Shim between connecting rod and crankpin 

box too thin (if present). 

3. Excessive main and connecting rod bearing 

clearance. 

1G6. Low compression pressure and high exhaust 
temperature. 

a. Possible troubles: 

1. Leaking valves. 

2. Improper exhaust valve clearance. 

3. Worn or stuck piston rings. 

4. Worn cylinder lining. 

1G7. High compression pressure and low exhaust 
temperature. 

a. Possible trouble: 

1. Cylinder head gasket too thin. 

7G8. High compression pressure and high exhaust 
temperature. 

a. Possible trouble: 

1. Engine overloaded. 

H. INSTRUMENTS-SPEED 

1H1. Idling speed not normal. 

a. Possible troubles: 

1. Improper idle adjustment of the governor. 

2. Faulty tachometer due to: 

(a) Insufficient magnetic field (electrical 

type). 

(b) Improper zero setting. 

(c) Binding or excessive friction in the 

tachometer cable will cause erratic 
reading. 

1H2. Maximum speed not normal. 

a. Possible troubles: 

1. Engine overloaded. 

2. Faulty tachometer due to: 

(a) Insufficient magnetic field (electrical 

type). 

(b) Improper zero setting. 

(c) Binding or excessive friction in the 

tachometer cable will cause erratic 
reading. 

3. Maximum speed adjustment of the governor 

incorrect. 
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I. PRESENCE OF SMOKE 

111. Black exhaust smoke. 

a. Possible troubles: 

1. Engine overloaded. 

2. Clogged air cleaner. 

3. Insufficient valve tappet clearance, holding 

valve open continuously. 

4. Improper timing and metering of fuel. 

5. Clogged fuel filters. 

6. Stuck piston rings. 

7. Burned or cracked nozzle or spray tip. 

8. Insufficient opening pressure of fuel nozzle 

causing fuel drip. 

9. Uneven cylinder load balance. 

10. Unsuitable fuel or lube oil. 

11. Low compression. 

112. Bluish-white exhaust smoke. 

a. Possible troubles: 

1. Worn piston or piston rings. 

2. Excessive cylinder lubrication (double acting 

engine). 

3. Leaky stuffing box cooling oil (double 

acting engine). 

4. Cylinder misfiring. 

7/3. Smoke arising from crankcase. 

a. Possible troubles: 

1. Crankcase explosion. 

2. Seized main or connecting rod bearings. 

3. Blow-by caused by: 

(a) Worn liners, rings, pistons. 

4. Stuck piston rings. 

5. High lube oil temperature due to: 

(a) Insufficient circulation of oil caused by: 

(1) Worn lube oil pump. 

(2) Low oil level in the supply tank. 

(3) Clogged lines. 

(b) Faulty pressure relief or regulating 

valve. 

(c) Insufficient cooling caused by: 

(1) Clogged oil cooler. 

(2) Low sea- or fresh-water pressure. 

(d) Engine overloaded. 

114. Smoke arising from cylinder head. 

a. Possible troubles: 

1. Leaky cylinder head gasket. 

2. Leaky fuel injector gasket, fuel nozzle gasket, 

or fuel spray valve gasket. 

3. Cooling water not circulating. 
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4. Crack in cylinder head. 

5. Worn valve guides. 

7/5. Smoke arising from engine auxiliary equipment 
(blower, pumps, etc.). 

a. Possible troubles: 

1. Wiped bearings. 

2. Blower lobes in contact with blower housing. 

J. EXCESSIVE CONSUMPTION OF LUBE 
OIL, FUEL, OR WATER 

1)1. Excessive lube oil consumption. 

a. Possible troubles: 

1. Oil leaks in the lube oil piping and lube oil 

system. 

2. Incorrect grade of lube oil. 

3. Stuck or worn piston rings. 

4. Worn pistons or cylinder liners. 

5. Incorrect piston ring gap. 

6. Operating with too high a lube oil tem- 

perature. 

7. Worn or defective oil seals (crankshaft, 

blower, etc.). 

8. Stuck valves. 

1J2. Excessive fresh water consumption. 

a. Possible troubles: 

1. Engine overloaded. 

2. Leaks in the water piping and in the water 

system. 

3. Operation with excessive fresh water tem- 

peratures. 

1J3. Excessive fuel oil consumption. 

a. Possible troubles: 

1. Inefficient combustion due to: 

(a) Nozzle difficulties. 

(b) Fuel pump or injector troubles. 

2. Leaks in the fuel oil piping. 

3. Fuel oil dilution in the lube oil due to: 

(a) Worn rings. 

(b) Worn liners. 

(c) Leaks. 

4. Overloaded engine condition. 

K. CONTAMINATION OF LUBE OIL, 
FUEL, OR WATER 

1K1. Fuel oil in the lube oil. 

a. Possible troubles: 

1. Worn or stuck rings. 

2. Worn cylinder liners or pistons. 
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3. Fuel leaks. 

4. Blown cylinder head gasket. 
5- Leaky nozzles, injectors. 

6. Dilution will occur with continuous opera- 

tion at low speeds and idling. 

7. Improper performance o/ the drainage system 

in the neighborhood of the fuel injection 
pumps. 

1K2. Water in the lube oil. 

a. Possible troubles: 

1. Water in the combustion chamber due to: 

(a) Leaky cylinder liner. 

(b) Leaky head. 

(c) Leaky gasket. 

2. Condensation. 

3. Faulty operation of the centrifuge or failure 

to use the centrifuge with sufficient 
frequency. 

4. Leak in oil cooler. 

1K3. Oil or grease in the water. 

a. Possible troubles: 

1. Leaky oil cooler due to: 



(a) Leaky tubes. 

(b) Worn or damaged gaskets. 

2. Overlubrication of the water pump bearings. 

1K4. Water in the fuel oil. 

a. Possible troubles: 

1. Improper performance of the settling tank. 

2. Failure to use centrifuge with sufficient 

frequency. 

3. Leaks in the bunkers. 

1KS. Air or gas in the water. 

sl. Possible troubles: 

1. Cracked cylinder liner. 

2. Leaky pump. 

3. Failed gasket. 

4. Cracked cylinder head. 

1K6. Metal particles in lube oil. 

a. Possible troubles: 

1. Failed bearings. 

2. Chipped or broken gears. 
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AIR INTAKE SYSTEM 



A. POSSIBLE trouble: 
DAMAGED SHAFT OR THRUST BEARINGS 

Two sleeve type bearings support the rotor shaft. 
The thrust bearing absorbs the force exerted length- 
wise along the shaft by exhaust gases striking the 
turbine blades. These bearings have drilled holes for 
the passage of lubricating oil. 

Damage to these bearings may be exhibited by 
vibration of the unit, damage to impeller or turbine 
blades, an increase in lubricating oil temperature 
(when an independent lube oil supply is used); or may 
be revealed by examination of the bearings when the 
turbocharger is disassembled. 

The bearings should be examined for pitting or ex- 
tensive scoring and for proper clearance, as specified in 
the instruction manual. Shaft end play may be checked 
with a dial indicator by moving the shaft axially from 
one extreme position to the other. End clearance 
greater than that specified in the instruction manual 
indicates wear of the thrust bearing. 

1. Causes and prevention. Damage to bearings usually 
occurs as a result of : 

a) Insufficient lubrication. 

b) Unbalance of the rotor. 

c) Operation with excessive exhaust temperature, 
(a) Insufficient lubrication. The high temperatures at 

which these bearings operate make their lubrication 
quite difficult. An abundant flow of cooling and 
lubricating oil must be maintained to avoid softening 
and resultant failure of the bearing material. It is 
readily seen why bearing failure is generally due to an 
insufficient flow of lubricating oil. 

Some turbochargers are equipped with a lube oil 
pressure gage which provides an excellent indication 
of the condition of the turbocharger lubricating sys- 
tem. A drop in this pressure below the value pre- 
scribed in the instruction manual is a certain indica- 
tion that bearing failure is imminent. The engine 
must be stopped immediately and the cause of lowered 
oil pressure determined. 

Lubrication difficulties may be due to: 

(1) Failure to prime the turbocharger. In some 
models, difficulty may be experienced in failure of the 
turbocharger oil pump to develop pressure quickly 
enough when the engine is started to prevent bearing 
damage. Leaky pump suction check valves may be 
responsible for this. Hand priming pumps are used on 
some installations. In others, it may be necessary to 
prime the pump by pouring oil into it. 

(2) Low lube oil level. When a separate tank is 
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provided for the turbocharger oil, it must be main- 
tained at the level specified in the instruction manual 
to prevent loss of pump suction. High oil consump- 
tion may sometimes be traced to poor condition of 
the oil baffle. 

(3) Clogging of lube oil passages. Swab out all oil 
passages when the turbocharger is disassembled. 
Never use wiping cloths, paper towels, or waste for 
cleaning, as the lint and fiber particles quickly clog oil 
passages. When the bearings are provided with oil 
holes, make certain that these holes are properly 
positioned. 

(4) Clogging of the turbocharger oil filter. Al- 
though a protective bypass valve may be installed 
around the filter, it should not be depended upon to 
prevent damage when the filters become clogged. 
Inspect the filters and strainers frequently, and clean 
or replace when necessary. 

(5) Pressure relief valve stuck open. Some turbo- 
charger models are equipped with a valve designed to 
maintain proper lubricating oil pressure. Sticking of 
this valve can best be prevented by thoroughly clean- 
ing it. 

(b) Unbalance of the rotor. This condition causes the 
bearings to be overloaded, and is usually exhibited by 
excessive vibration. Unbalance may be due to dam- 
aged turbine wheel blading or to a damaged blower 
impeller. If rags are carelessly left in the air silencer 
after cleaning the blower, they may become lodged in 
the impeller and cause unbalance and consequent 
vibration. This can be avoided only by careful in- 
spection of the air silencer and impeller housing for 
any tools, rags, or parts that may have been left there. 

(c) Operation with excessive exhaust temperature. The 
maximum safe exhaust temperature for turbocharger 
equipped engines is specified in the instruction manual. 
Operation at temperatures above this value generally 
causes severe damage to turbocharger bearings and 
other parts. The source of excessive temperature must 
be determined and eliminated. 

2. Repair. When clearances exceed those specified, 
bearings must be replaced in accordance with the 
procedure described in the instruction manual. In 
making replacements, care must be taken to insure 
absolute cleanliness of all parts. Small particles of 
grit, metal, or similar substances left in or about bear- 
ings will cause scoring and necessitate another bearing 
replacement after a short time. The extensive nature 
of this work makes it desirable to do the job well to 
prevent an early recurrence of the trouble. 

Other parts of the turbocharger should be thor- 
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(c) Failure of bearings. In certain instances, bearing 
failures have allowed the shaft to drop or move end- 
wise until contact between turbine blading and other 
parts of the turbocharger occurs. (See Section 2A2a.) 

(d) Failure to drain turbine casing. Water accumulates 
in the turbine casing as a result of condensation when 
the engine is cooled. When the engine is alternately 
started and secured at frequent intervals, accumulation 
may be sufficient to allow contact between the spin- 
ning blades and the water. This can cause the blades 
to fracture. The turbine casing should be drained be- 
fore starting the engine. If the collection of water 
appears to be excessive when the casing is drained, 
there may be leakage from the cooling water passages 
in the turbocharger case. The case should be inspected for 
cracks, and gaskets and grommets should be replaced. 

(e) Introduction of foreign bodies. Many failures have 
been caused by welding beads or slag breaking loose 
from inside the manifolding. When these small beads 
hit the nozzle ring and turbine blading at high veloc- 
ities, they can cause serious damage. It is advisable to 
inspect as much of the interior of the manifold as pos- 
sible, chipping any loose, or potentially loose, beads 
and removing them. It is important that every pre- 
caution be taken when reassembling to insure that no 
gasket material, bolts, nuts, washers, or other foreign 
matter is left in the manifolding. 

Failure of exhaust valve or valve guides, involving 
breakage, has frequently caused turbine blade break- 
age when fragments of valve or guides were blown 
into turbine blading. After any valve failure of this 
type, stop the engine immediately and thoroughly 
inspect the exhaust manifold and passages for any 
fragments. 

2. Kef air. If one or more turbine blades are found to 
be broken or cracked, or if lashing wires are broken or 
loose, it is generally necessary to replace the entire 
rotor assembly. This includes the turbine disk and 
blading, rotor shaft, and impeller. 

While the rotor assembly may not be a shipboard 
spare, spares are on hand at the shore base. Should a 
spare not be available and an emergency condition 
exist during which it is absolutely necessary to oper- 
ate the damaged engine, it is sometimes possible to 
block the rotor so it will not rotate, or to remove the 
rotor and seal off the turbine bore, and continue opera- 
tion at reduced power without the blower. The in- 
struction manual generally contains all necessary 
information relative to such emergency procedure. 

It is not practical to attempt to repair damaged 
blading by removing the damaged blades and inserting 



new ones. The rotor assembly will operate satisfac- 
torily without vibration only when it is accurately 
balanced. In order to balance the rotor assembly, 
special equipment is necessary, to determine whether 
or not there is any unbalance, and if so, of what mag- 
nitude and what position. 

Often it is thought incorrectly that a slight unbal- 
ance is of no great consequence. An unbalance of only 
one ounce at the tip of a turbine blade will cause a 
vibrating force of almost one ton when the rotor is at 
operating speed. Vibrations such as these are respon- 
sible in many cases for bearing failures, damage to 
impeller, and further destruction of turbine blading. 



c. possible trouble: 

DAMAGED NOZZLE RING 

The function of the nozzle ring is to direct exhaust 
gases at the proper angle to give the most efficient 
"push" to the turbine wheel blades. 

Damage to the nozzle ring may be recognized when 
the turbocharger is disassembled for periodic inspec- 
tion. It may be necessary to wipe deposits from the 
ring with a cloth to reveal small cracks. It is impor- 
tant to recognize cracks in their earliest stage if com- 
plete wreckage of the turbine assembly is to be avoided. 

In some cases, large chunks have been broken from 
the outer periphery of the nozzle ring, thereby causing 
considerable damage to the turbine wheel. 

1. Causes and prevention. Frequently, damage to the 
nozzle ring is associated with damage to the turbine 
blading. Causative factors include: 

(a) Operation with excessive exhaust gas temp- 
erature. 

(b) Breakage of turbine blades. 

(c) Introduction of foreign bodies. 

(a) Operation with excessive exhaust gas temperature. 
See discussion of operation with excessive exhaust 
temperature, page 14. 

(b) Breakage of turbine blades. When turbine blades 
break loose, it is likely that extreme damage to the 
nozzle ring will be found. Contact between the nozzle 
ring and turbine wheel will cause damage to both 
parts. See page 14. 

(c) Introduction of foreign bodies. Any foreign bodies 
that enter the turbocharger with the exhaust gases 
may easily become involved between the nozzle ring 
and turbine wheel blades. (Sec discussion of intro- 
duction of foreign bodies, page 15.) 

2. Repair. Complete replacement of the nozzle ring 
is necessary when cracks are discovered. Continued 
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with a medium weight oil that holds the dust and 
dirt which is collected. 

a. possible trouble: 
clogged and dirty air cleaner 

Clogged and dirty air cleaners will cause hard 
starting, loss of power, poor economy, engine smoke, 
and overheating. 

1. Cause and prevention. It is essential that air 
cleaners be serviced at specific intervals as stated in the 
engine instruction manuals. Failure to do this will 
result in clogged cleaners. 

2. Repair. The clogged filter should be cleaned 
either with diesel fuel, gasoline, or kerosene. The 
filter should be removed from the engine. As the first 
step in cleaning it should be blown out to eliminate all 
loose dirt. Next, if the cleaner is sufficiently small, it 
should be submerged completely in the cleaning sol- 
vent. Otherwise it will be necessary to apply the 
solvent with a stiff brush. 

The filter should then be blown out thoroughly 
with compressed air, and a medium viscosity oil 
should be applied to the mesh. 

b. possible trouble: 
explosion caused by volatile solvents 

used for cleaning 

1. Cause and prevention. Volatile materials such 
as gasoline and kerosene do an excellent job of cleaning 
the filters but their use may result in serious explo- 



sions. When volatile solvents are used, it is of utmost 
importance that the filter be blown out thoroughly 
with compressed air before being reinstalled on the 
engine. If compressed air is not available, the filter 
must be allowed to dry for several hours. 

2D3. Oil bath type air cleaners and filters. The 

oil bath type of air filter employs a pool of oil upon 
which the dust-laden air impinges. The inertia of the 
dust particles causes them to strike and then adhere to 
the oil surface. Oil bath filters usually have screening 
and metal wool in addition to the bath to help remove 
the finer particles. 

a. possible trouble: 
excess oil in cleaner, causing engine to run away 

With the oil bath too full, the intake air will cause 
the oil to be drawn up and taken into the cylinders. 
There is obviously no control over the amount of oil 
which enters in such an event. Thus the engine is 
liable to get out of control and run away, resulting in 
possible damage. 

1. Cause and prevention. After cleaning bath type 
filters, there is a tendency, when replacing the oil, to 
fill the bath too full. 

When filling oil bath containers, it is important that 
they be filled only to the FULL mark, as indicated on 
the container. Filling beyond this mark will not in- 
crease the efficiency of the filter. 

The oil should be changed when dirt begins to 
collect on the bottom of the container, or when the 
oil thickens. 
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feasible and is generally considered undesirable. 

(3) Reduce the quantity of water injection. It must 
be remembered, however, that a reduction in water 
input will increase exhaust noises, and increase the 
tendency toward steam formation, overheating, and 
corrosion. Therefore, the amount of water injected 
must not be reduced to such an extent that silencing is 
inefficient or visible steam is formed. 

To reduce the quantity of water, bypass a portion of 
inlet water overboard as shown in Figure 3~5, or 
place a throttling valve in the inlet water line as 
shown in Figure 3-6. 



THREE-WAY 
PROPORTIONING-—* 
VAl VE 



OAS • 
IN 




EXCESS WATER 
OUT 



MUFFLER 



GAS AND 
WATER OUT 

Figure 3-5. Use of three-way proportioning valve to 
regulate water flow to muffler. 



THROTTLING-^ 
VALVE 



WATER 
IN 



NOTE; 

THIS ARRANGEMENT MUST 
NOT BE USED WHEN WATER 
IS SUPPLIED BY A POSITIVE 
DISPLACEMENT PUMP 




GAS AND 
WATER OUT 

Figure 3-6. Use of throttling valve to control flow of water 
to muffler. 

If these steps are not practical in some installations, 
a muffler of different design or dimensions may be 
indicated. 

Since corrosion is usually accelerated by reduction 
in cooling water flow rate, the muffler should be 
inspected frequently for signs of corrosion. 

(b) Improper design. On occasion, mufflers not prop- 
erly designed for certain types of service have been 
installed on marine diesel engines. In heavy seas, sea 
water has been forced back through the exhaust 
system into the engine. If alterations to piping fail to 
stop backflow of water, it may be necessary to replace 
the muffler with one of improved design. 

Digitized by 



Go gle 



30 



(c) Water drain restricted. In some wet type mufflers, 
continuous water drains are incorporated. Only a 
portion of the water injected into the muffler is carried 
out by the exhaust gases. If this water drain becomes 
clogged or restricted, water will accumulate in the 
muffler. In some installations this water will flow 
back into the engine. Keep drain lines free from 
obstruction. 

2. Repair. When presence of water is detected in the 
engine cylinders the source of the water must be 
determined and the cause eliminated. Remove water 
from cylinders by opening the indicator cocks, or 
removing injectors when no cocks are provided, and 
then cranking the engine slowly. After removing the 
excess water in this manner, crank the engine rapidly 
until all traces of water are blown out. 

When water has been discovered in the engine, 
always check the lubricating oil thoroughly for traces 
of water. If water is present in significant amounts, 
drain the crankcase thoroughly and remove the water 
from the oil by settling and centrifuging. If a centri- 
fuge is not available, drain, and replace the oil with 
fresh water-free oil. 

b. possible trouble: 
corrosion of muffler 

Salt water in hot mufflers has a decided tendency to 
corrode them. This trouble may be recognized by 
pronounced pitting of the inner surface of the muffler. 
In severe cases the trouble may be detected by leakage 
of water and gases from the muffler. Any uncoatcd 
iron exhaust muffler may be expected to corrode and 
become unserviceable after extensive usage. For this 
reason, it is advisable to inspect mufflers frequently so 
as to have a replacement muffler available prior to 
failure. A leaky muffler can allow sea water to spray 
over electrical equipment with disastrous results. 

1. Causes and prevention. Corrosion of mufflers may 
be accelerated by : 

(a) Burning off of protective coating. Some wet type 
exhaust mufflers have been coated internally with 
corrosion resistant material. Certain types of protec- 
tive material are unable to resist the temperatures 
present when water circulation in the muffler is 
interrupted. 

If the sea water flow is interrupted and the engine is 
kept running, the protective coating will be burned 
off. This exposes bare metal and results in rapid de- 
terioration of the muffler. Consequently, it is impor- 
tant to maintain water circulation in wet type mufflers 
whenever the engine is running. 
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A. POSSIBLE trouble: 
CORROSION OF THE EXHAUST STACK 

Corrosion of the exhaust stack may be noted by 
inspection of the exhaust stack. Patches of corrosion 
may be found near the top of the stack or at the bottom. 

Corrosion at the top of the stack may appear as 
streamers which diminish in width toward the bot- 
tom of the stack (see Figure 3-13). 

1. Causes and prevention. In the case illustrated in 
Figure 3-13, the cause of corrosion was improper 



design of the stack, resulting in condensation of water 
from exhaust gases on the relatively cold unjacketed 
portion of the stack. The water drops formed there 
absorbed sulfurous gases and formed acid which at- 
tacked the stack. The peculiar pattern formed was a 
result of evaporation of the acid as it flowed down the 
inner surface of the stack toward the warmer zones. 

2. Repair. This trouble was overcome by extending 
the air jacket up to the top of the stack, as shown in 
Figure 3-14, thereby eliminating the relatively cold 
band at that point. 
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dressing down the valves, and care must be taken to 
keep the valve flat. 

Pitting of the valve seat and excess wear on the fibre 
valve is usually the result of small particles of dirt 
which have been caught between the valve and the 
seat. 

(b) Broken plunger springs. Broken plunger springs 
will cause complete pump failure, as this spring sup- 
plies the returning force to the plunger on its delivery 
stroke. Weak springs make the pump incapable of 
supplying sufficient fuel at maximum load. They 
should be replaced upon discovery. Weak or broken 
springs are caused by fatigue of the spring material. 

(c) Stuck push rod or plungers. Some poor grades of 
diesel fuel cause resinous deposits to become lodged on 
the parts with which the fuel comes in contact. Such 
deposits are capable of causing the plunger and push 
rod to become stuck in the depressed position, thus 
preventing the discharge stroke. Such resinous de- 
posits also have a ruinous effect on the plunger, barrel, 
and delivery valve of the injection pump as well as on 
the injector nozzle assembly. 

2. Repair. Care should be exercised during all re- 
pair processes to keep the parts clean. A bath of clean 
fuel oil should be used to cleanse them. It is custom- 
ary to assemble the parts wet, thus allowing any 
foreign particles to be rinsed off immediately before 
reassembly. 

4C3. The Excello fuel transfer pump. The Excello 
pump operates similarly to the Bosch pump previously 
discussed, with this exception: the discharge valve is 
contained in the plunger itself to facilitate the transfer 
of the fuel from one side to the other. Troubles oc- 
curring in the Excello pump are identical with those 
encountered in the Bosch supply pump. The design, 
however, does not lend itself so well to repair as does 
that of the Bosch transfer pump. 

If the fuel pump fails to operate, it should be re- 
moved from the injector pump housing and submerged 
in a bath of clean fuel oil. With the pump submerged, 
operate the tappet by hand. If the pump discharges 
fuel from the outlet, the valves may have been dirty 
and are now clean, or there may be an air leak around 
the gasket of the pump body. Usually, leaks may be 
stopped by replacing the gasket. 

If dirt, caught under either of the valves, is causing 
the pump to be inoperative, it is usually possible to 
remove it by blowing compressed air, not in excess of 
40 psi, into the inlet connection. 
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Section 2. Injection Pumps and Nozzles 
D. GENERAL 

4D1 . Functions of the system. The fuel injection 
system may be considered the heart of a diesel engine. 
It is the most intricate of all the systems, and requires 
special care and precautions when making adjust- 
ments and repairs. The function of the fuel injection 
system is to deliver fuel to the engine cylinder under 
the following specific conditions: 

At a High Pressure 

The system must increase the pressure of the fuel to 
the extent that it will overcome the compression pres- 
sures within the cylinders, and, frequently, supply the 
added force necessary to atomize the fuel completely. 
This requires that fuel pressures as high as 5,000 psi be 
maintained in some of the installations. 

At the Proper Time 

The fuel must enter the cylinder at the proper time 
in the engine cycle in order to obtain proper combus- 
tion and maximum energy from the fuel. In many 
cases it is also the function of the pump or nozzle to 
vary timing as speed or load varies. 

In the Proper Quantities 

A third function of the fuel injection system is to 
meter the fuel. For smooth and even engine operation, 
and to insure an even load on each of the cylinders, it 
is essential that an equal volume of fuel be admitted to 
any given cylinder each time it fires, and that equal 
volumes of fuel be delivered to each cylinder of the 
engine. An additional requisite of the metering sys- 
tem is that the amount of fuel being delivered be 
varied to allow for changes in load and speed. 
Properly Atomized 

To burn efficiently, the fuel must be distributed 
properly throughout the combustion space, and, prior 
to combustion, must be in a finely divided, or atom- 
ized, state. 

4D2. Types of fuel systems. There are three gen- 
eral types of fuel systems that have been devised to 
perform all the functions required, they are: the jerk 
pump system, the common rail system, the air injec- 
tion system. 

An example of the jerk pump system is the Bosch 
system. The Bosch pump is a cam actuated, constant 
stroke, lapped plunger and barrel pump. The pump 
times, meters, and provides the necessary pressure to 
inject the fuel into the cylinder by a separate nozzle. 

Another example of the jerk pump system is the 
General Motors unit injector. The unit injector em- 
bodies a cam actuated, constant stroke, lapped plunger 
and bushing high-pressure pump, and an injection 

Qrigiral from 
UNIVERSITY OF MICHIGAN 



FUEL SYSTEMS 

nozzle, all in ooe am r. The unit injector fulfil Ik all rhc ; mixing «tnd providing rurbulcnicc. This system- re- 




system Mounted m each cVli'ndct bead is 3 cam actu- power rcq lined rodn.Veit J^sems .the usefulness of this 

ated injector and nozzle th»c iftfca the fud into the type af system Eo.jdd>ti(m. tkr atradmuied ta the 
cylinder. This system employs a common metering / ... cylinder rend'; n> IcnnCu rhe compression, tcmjicrarures 

device that distributes a measured quantity of fuel to wr^hiLV the cylinder.; thus t$xAi tig to poor combustion 

each of the ipjtctors. and operation A\Y injection system* are now obso- 

The fuel injection system used on Atlas engines is j ere, and only a few of the Maw's older ships have «ti 

of tbcvtittftftM rati type. fV mplovs one ht£h pressure injection ' cflgiacs, ... 

pump *h<u supplies the tud *t mierrum nrc*«M uv,« ft «\ eiutntiurv to differentiate heivcreen an air mVe^" 



cam operated and tto 
Metering is 
nozzle remains 
thehii 
The injection system 




BOSCH FUEl INJECTION EQUIPMENT 



gmcs ii a mudihcd common rail system, h uses -one 
high-pre&surc pump chat maintains foe! at the injec- £ g< 
iion pressure in An accumulator bottle. The fuel i$ \ 

metered by m4nndu.il valves mounted on thtrsidt-of 4fel. General descriftftern Any ship or station 
the sflcme; and then *oc& to the. pressure operated t^ me Bosch fuel injection equiprnen^'^^Mld procure ?; 




| 



S NAVY 



• - ,, •/ ■>■•■■. * 

:.''t >.. ■ Vt.RY 



At-r •' Mi- , f 





INTAKE START OF INJE 




INJECTION ENDING OF INJECTION 





Kftcun c ■:■ •••;c- t:-v.. ,i]W»y< begin 5 

bo an-? lap f«»J *hsc <fc»v THM*f< iyp 





When ihe .barrel is examined, search should be 
™ - ™" of the U r pd 



DIESEL ENGINE MAINTENANCE TRAINING MANUAL— U. S. NAVY 



(a) Entry of dirt into the pump. 

(b) Careless handling while disassembled. 

(c) Overtightening of delivery valve holder. 

(d) Corrosion. 

(a) Entry of dirt into pump. Dirt is responsible for 
almost all trouble encountered with fuel injection 
equipment. If pumps are not properly protected 
against the entry of dirt, they can be damaged irrep- 
arably within a few seconds of operation. It must be 
remembered that plunger to barrel clearances are in the 
neighborhood of one one-hundredth of the diameter 
of a human hair. Therefore, extremely fine particles, 
such as dust from the atmosphere, are capable of 
scoring the lapped surface. (See pages 92-97 for 
precautions in maintenance of fuel system protective 
equipment.) The engine should never be operated 
unless the fuel has been properly filtered before reach- 
ing the pump. 

In addition to precautions with respect to fuel filters 
and strainers, it is imperative that cleanliness be ac- 
centuated while working on the pump. From the time 
the removal of the pump from the engine is begun 
until the pump is replaced on the engine, extreme care 
must be exerted to keep dust and dirt away from the 
pump parts. Before any connections are loosened, all 
dirt should be removed from the pump, tubing, and 
fittings by washing with kerosene, diesel fuel, etc. 
After removal of the pump from the engine, all open- 
ings on the pump, tubing, and injectors should be 
covered with paper caps, or clean rags. Whenever the 
pump is to be disassembled, a clean working space 
must be provided. Only clean containers with clean 
diesel fuel or cleaning fluid should be used for cleaning 
parts. Compressed air should be used to blow all parts 
dry after cleaning. 

(b) Careless handling while disassembled. As many 
surfaces on plungers and barrels are lapped to ex- 
tremely accurate finishes, it is imperative that they be 
handled with great care. If these parts are dropped, 
they may be bent, nicked, dented, or otherwise 
ruined. The work should be done well over the center 
of the bench. Hard metal surfaced benches are not 
desirable. A linoleum covering will reduce casualties 
caused by dropping parts on the bench. Parts should 
be kept immersed in diesel fuel until handled. Dry 
lapped surfaces should never be handled. The perspir- 
ation on the hands of the operator is corrosive, and 
corrosion of lapped surfaces will occur if they are 
handled when dry. Before a lapped surface is handled, 
it should be immersed in clean diesel fuel, and the 
hands rinsed in clean fuel. Parts should not be left 
lying around uncovered on the bench. They should be 
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kept immersed in clean fuel in a covered container. 
Mating plungers and barrels should be kept together 
to avoid interchanging. 

(c) Overtightening of delivery valve holder. It will be 
noted that the barrel is held in place by the delivery 
valve holder. Overtightening this holder will distort 
the barrel, causing scoring or excessive wear on one 
side of the plunger. A bent plunger will wear in much 
the same manner. A wrench should never be ham- 
mered to tighten the holder. The proper size wrench 
should be used for tightening the holder and maintain- 
ing delivery valve gaskets in good condition. 

(d) Corrosion. Water in fuel oil, improper storage of 
pumps, or handling dry lapped surfaces with oil-free 
hands, can cause corrosion of plunger or barrel. All 
fuel should be centrifuged, and filter cases drained 
periodically to prevent excessive collection of water 
(see pages 92-97). For proper storage procedure, con- 
sult the Bosch fuel injector maintenance manual. 

2. Repair. Damage to a plunger or barrel generally 
requires replacement of the parts. A plunger or a 
barrel cannot be replaced singly. A new plunger and 
barrel assembly must be installed. Pits, or rust on the 
flat lapped surface at the end of the barrel adjacent to 
the delivery valve, may be removed, if not too severe, 
by lapping on a surface plate with lapping compound 
until the pit marks or rust are not visible. Otherwise, 
the plunger and barrel assembly must be replaced. 



b. possible trouble: 
external leakage from pump 

Unless the operator is attentive, and the engine is 
kept wiped down, a leak sufficiently large to affect 
engine operation may develop without his knowledge. 
When the engine misses, the high-pressure fuel lines 
and fittings should be checked for leakage. The pump 
housing should also be checked for signs of leakage. 

1. Causes and prevention. Leakage may occur as a 
result of: 

(a) Delivery valve holder damaged or not 

tightened. 

(b) High-pressure union nut damaged or not 

tightened. 

(c) Bleeder screw or gasket damaged or not 

tightened. 

(d) Cracked housing. 

(a) Delivery valve holder damaged or not tightened. The 
threads and seating surface of the delivery valve holder 
should be inspected for damage. If damaged, the de- 
livery valve holder must be replaced. When the holder 
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is tightened, it should be run into the gasket by alter- 
nate tightening and loosening; the holder should then 
be tightened, but not excessively. 

(b) High-pressure union nut damaged or not tightened. 
The union nut should be checked for damage to threads 
or seating surfaces. If damaged, it must be replaced (see 
pages 94-95 for information on high-pressure lines 
and fittings). Union nuts should be kept tightened, 
as a small amount of leakage will prevent firing of 
the cylinder. 

(c) Bleeder screw or gasket damaged or not tightened. If 
either the bleeder screw or bleeder screw gasket is 
damaged, leakage may result. Damaged parts should 
be replaced and the bleeder screw kept tight. 

(d) Cracked housing. On rare occasions, housings 
become cracked. Housings must not be subjected to 
shock blows. 

2. Repair. Leakage can be stopped either by proper 
tightening of loose connections or by replacement of 
damaged parts. 

c. possible trouble: 

PLUNGER STUCK IN BARREL 

This trouble is evidenced when the cylinder served 
by the stuck plunger fails to fire. Missing may be 
intermittent if the plunger sticks and breaks free at 
intervals. Upon disassembly, it may be difficult to 
remove the plunger from the barrel. In some cases, the 
plunger will stick when the pump is assembled but 
will work smoothly after disassembly. In other cases, 
after the plunger barrel assembly is removed and the 
plunger is replaced in the barrel, it may be difficult to 
remove the plunger from the barrel after the assembly 
has been out of the pump for awhile. 

1. Causes and prevention. A plunger may stick in the 
barrel because of: 

(a) Dirt or gummy deposits in pump. 

(b) Distorted plunger or barrel. 

(a) Dirt or gummy deposits in pump. Particles of dirt 
may become lodged between the plunger and barrel 
and interfere with or entirely prevent movement of 
the plunger. Lacquer-like deposits, from fuel, on the 
plunger or barrel will likewise interfere with movement 
of the plunger in the barrel. The fuel system should 
be kept clean and all cleanliness precautions observed 
when working on the pump. (See a) Entry of dirt into 
pump, page 46.) 

(b) Distorted plunger or barrel. Slight distortion of 
the plunger or barrel will result in binding. Usually, 
unless motion is entirely prevented, there will be 
evidence of local wear on one side of the plunger. Dis- 
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tortion may result from dropping or striking the 
plunger or barrel on the deck or other hard metal 
surface. Distortion of the barrel may result from over- 
tightening the delivery valve holder. (Sec c) Over- 
tightening of delivery valve holder, page 46). In such 
cases, the plunger may appear perfectly free in the 
bushing prior to assembly of the pump, or after the 
plunger bushing assembly is removed from the pump. 

2. Repair. Before replacing a plunger barrel assem- 
bly, an attempt should be made to free the plunger by 
soaking the assembly in some such cleaning fluid as 
specified on page 45. Twelve hours or more should be 
allowed for obstinate cases. These fluids will imme- 
diately soften paints or enamels. Consequently, 
enamelled plunger springs that come in contact with 
these fluids must be replaced. When it is possible to 
remove the plunger, but it does not slide freely within 
the barrel, both plunger and barrel should be cleaned 
thoroughly with an approved cleaning fluid, rinsed in 
clean fuel oil, and blown dry with compressed air. 
Following this, a small quantity of mutton tallow 
should be applied to the sides of the plunger, and the 
plunger worked back and forth while slowly rotating 
it in the barrel. This will remove the gummy deposits. 
Lapping compound must never be used on the mating surfaces 
of the plunger and barrel. If this procedure does not free 
the plunger, it will be necessary to replace the 
assembly. 

d. possible trouble: 

CONTROL RACK STICKY OR JAMMED 

This condition usually causes governing difficulties. 
That is, the engine speed may fluctuate — decreasing as 
the engine is loaded, racing as the load is removed, or 
hunting (rising and falling rhythmically) continu- 
ously, or only when the load is changed. In some 
instances, the engine will not respond to changes in 
throttle setting, and may even resist securing efforts. 
All such conditions can be serious in an emergency; 
hence, every effort must be made to prevent their 
occurrence. The best way to check for a sticky rack is 
to disconnect the linkage to the governor and attempt 
to move the rack by hand. If the rack return springs 
and linkage are disconnected, there should be no ap- 
parent resistance to motion of the rack. 

1. Causes and prevention. A sticky or jammed control 
rack may occur as a result of: 

(a) Plunger stuck in barrel. 

(b) Dirt in control rack mechanism. 

(c) Damaged control rack or control sleeve. 

(d) Improper assembly of pump. 
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corrosion. The springs should be inspected carefully 
each time they are removed from the pump body to 
insure that they are flawless. Any spring that is 
nicked or corroded must be replaced. 

(d) Roughened seats. The valve seat and valve body 
seat should be examined with a magnifying glass for 
scoring or other marks that might affect proper 
seating. The flat lapped surfaces of the delivery valve 
body should likewise be examined for similar marks. 
Roughness of the valve or body seats may be removed 
by lapping the valve to the body with a mixture of 
clean diesel fuel and talcum powder. Extreme care 
must be exercised to avoid getting any lapping com- 
pound on the relief piston. The flat lapped surfaces 
may be cleaned up by lapping on a surface plate. All 
traces of lapping compound should be removed from 
all parts prior to assembly of the pump. 

2. Repair. The delivery valve should be checked for 
stickiness, and cleaned up with mutton tallow if 
necessary. Bad surfaces should be lapped as specified 
above, and replacement made of any parts showing 
cracks. 

f. possible trouble: 

BACKLASH (LOOSENESS OR PLAy) IN CONTROL RACK 

This trouble, like stickiness of the control rack, will 
influence governing of the engine. Proper governing 
is based on the theory that for every change in speed 
of the engine, there will be a corresponding change in 
the quantity of fuel injected. This is obviously im- 
possible where looseness or play exists in the control 
rack system. Continuous or intermittent vibration of 
the control rack may indicate excessive backlash. 
However, it may also indicate difficulties in other 
parts of the governing system. The best method for 
checking backlash is to disconnect the rack from the 
governor linkage, and observe whether motion of the 
rack will result in rotation of the plunger. No back- 
lash is permissible. 

1. Causes and prevention. If the control sleeve gears 
are tight on the control sleeve, backlash in the control 
rack may be caused by : 

(a) Worn control sleeve. 

(b) Worn rack. 

(a) Worn control sleeve. Excessive wear of control 
sleeve gear teeth will allow looseness to exist. Like- 
wise, wear of the plunger guide slots will permit play. 
Either of these conditions requires replacement of the 
worn parts. 

(b) Worn rack. As the control rack is quite sturdily 
constructed, it normally experiences little wear and 
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seldom requires replacement.. However, if because of 
some governing difficulty the rack is subjected to 
constant vibration, or if dirt is allowed to enter the 
system, wear will be accelerated. Excessive wear of 
rack teeth necessitates replacement of the rack. 

2. Repair. Backlash in the rack is almost invariably 
due to wear of some parts of the pump. Consequently, 
it is only necessary to determine which parts are worn 
and to replace those parts. 

g. possible trouble: 
pump improperly timed 

Early or late injection timing seriously interferes 
with proper engine operation. Early timing may 
cause the engine to detonate and lose power. Those 
cylinders timed early may exhibit low exhaust tem- 
peratures. 

Late timing usually causes overheating, high ex- 
haust temperatures, loss of power and smoky exhaust. 

Ruinous damage can result from improper timing of 
injection pumps. This occurs when the pump is so 
adjusted that contact between the plunger and delivery 
valve holder is permitted. Unusual resistance to turn- 
ing when the pump or engine is barred over cautiously 
may indicate such a condition. 

Timing can be checked readily by the procedure 
given in the engine manufacturer's instruction manual. 

1. Causes and prevention. Improper timing of fuel 
pumps to the engine may be due to: 

(a) Failure to adjust pump properly. 

(b) Worn pump camshaft, 
(a) Failure to adjust pump properly. The timing pro- 
cedure differs somewhat for APE and APF pumps. - 

To time the APF pumps properly, it is necessary 
only to follow the timing instructions in the engine 
instruction manual. 

Instructions given in the engine instruction manual 
for timing the APE pump to the engine usually pre- 
suppose that the pump, which is actually a group of 
individual pumps, is properly internally timed. On this 
premise, it is necessary to time only one of the group 
of pumps to the engine. However, if the pump is not 
internally timed, that is, if the pumps are not timed 
with respect to one another, it will be impossible to 
time all pumps properly by timing only one of them. 
Specific instructions for internal timing of APE 
pumps will be found in the Bosch fuel injector main- 
tenance manual, obtainable from the Bureau of Ships. 

In timing either APE or APF pumps, the most 
serious error that can be made is the failure to provide 
sufficient clearance between the end of the plunger at 
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maximum stroke and the delivery valve body. With 
APE pumps, it is possible to check for this clearance 
by inserting the point of a screwdriver between the 
tappet adjusting screw and the plunger when the 
plunger is at the highest position. The best check for 
plunger clearance of APF pumps is to bar the engine 
over carefully and observe whether or not the timing 
line on the plunger guide cup disappears from the 
inspection window in the pump housing. Never con- 
tinue to bar the engine when the line is not visible as 
this indicates insufficient clearance. Continued bar- 
ring will occasion severe damage to the pump, and 
possibly to other parts of the engine. 

The tappets should be tightened adequately, if they 
are used, so that they will not come loose and alter 
timing. 

(b) Worn pump camshaft. If the cams driving the fuel 
pumps are worn, the timing will be influenced. With 
proper lubrication, little wear of the cams is experi- 
enced. In most cases, wear will be quite evident from 
the surface condition of the cams. If the camshaft is 
not too badly worn it will usually be possible to 
smooth up the surface with crocus cloth, or by careful 
stoning. No other abrasive should be used for this 
purpose. Generally it will be possible to retime the 
pumps without renewing the camshaft. However, 
when considerable wear is suspected, the cam dimen- 
sion can be checked against the engine drawings to 
determine the exact extent of wear. 

2. Repair. Instructions for proper timing of APF 
pumps to the engine are given in the engine instruc- 
tion manual. Generally, instructions for timing the 
APE pump unit to the engine are given in the engine 
instruction manual. However, internal timing and 
calibrating instructions may not be in that manual. 
Full instructions are given for timing and calibration 
of APE pumps in the Bosch fuel injector maintenance 
manual. 

When it is necessary to retime a pump, it is probable 
that recalibration will also be advisable (see h. Pos- 
sible trouble: Pumps improperly calibrated (balanced), 
which follows). 

h. possible trouble: 
pumps improperly calibrated (balanced) 

Calibration, or balancing, of the fuel injection 
pumps is the process of adjusting each individual 
pump to deliver precisely the same quantity of fuel at 
a specific throttle setting. If some pumps are set to de- 
liver more fuel per stroke than others, the engine will 
be unbalanced, that is, some cylinders will carry a 



greater load than others. This may be detected by dif- 
ferences in cylinder exhaust temperatures and firing 
pressures, and by smoky exhaust from the overloaded 
cylinder. Roughness and engine vibration may also 
indicate unbalance of the fuel pumps. For APE pumps, 
the most conclusive test for improper calibration is the 
one performed on the American Bosch motor driven 
test stand. An emergency field procedure, not using 
this equipment, is also possible. Both of these methods 
are explained simply and concisely in the Bosch fuel 
injector maintenance manual. 

It should be remembered that many other engine 
difficulties may readily cause engine symptoms identi- 
cal to those due to unbalance. A few of the other 
faults that may be present and should be considered in- 
clude: poor condition of piston rings, inaccurate ex- 
haust pyrometer and thermocouples, mistimed injec- 
tion, and mistimed or faulty engine exhaust or inlet 
valves. Hence, it is apparent that the taking of exhaust 
temperature and combustion pressure readings is far 
from infallible as an indication of need for balancing 
the fuel injection pumps. 

1. Causes and prevention. Faulty calibration of fuel 
pumps is due to failure to follow instructions for cali- 
bration. Instructions for calibration of APF pumps are 
included in the manufacturer's instruction book. Cali- 
bration instructions for APE pumps are in the Bosch 
fuel injector maintenance manual. These instructions 
must be followed implicitly. 

2. Repair. To calibrate the pumps, follow the in- 
structions given in the maintenance manual. 

i. possible trouble: 

BROKEN PLUNGER SPRING 

The plunger spring acts to return the plunger, after 
injection, to the bottom position of its stroke. The 
cylinder served by a pump with a broken plunger 
spring will fail to fire. 

1. Causes and prevention. Contributing factors to 
broken plunger springs are: 

(a) Failure to inspect springs thoroughly. 

(b) Careless handling of springs. 

(a) Failure to inspect springs thoroughly. Most broken 
springs develop from cracked springs. Cracks may be 
located in their incipient stages by careful inspection. 
Cracks will show up best if the springs are flexed 
during inspection. Pits or nicks also lead to failure. 
All questionable springs must be replaced to avoid 
breakage. 

(b) Careless handling of spring . When usi ng a cleani ng 
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D. possible trouble: 

NOZZLE OPENING PRESSURE TOO LOW 

This trouble is usually recognized in the same man- 
ner as ;. Possible trouble: NoXZ.lt opening pressure too 
high, pp. 51-54. That is, using a nozzle tester, the 
nozzle will be found to open at a pressure lower than 
that specified. 

1. Causes and prevention. Low nozzle opening pres- 
sure may be due to: 

(a) Improper adjustment of pressure spring. 

(b) Broken pressure adjustment spring. 

(a) Improper adjustment of pressure spring. (Sec a. Im- 
proper adjustment of pressure spring, page 53.) This refer- 
ence explains how to adjust the spring compression for 
lower opening pressure. To raise the nozzle opening 
pressure, the spring compression is increased by screw- 
ing down the adjusting screw or by adding shims. 

(b) Broken pressure adjustment spring. If the pressure 
adjustment spring is broken there will be no resistance 
to the opening of the nozzle valve. This will probably 
cause dribbling, rather than formation of a spray pat- 
tern at a lower pressure. The condition of the pressure 
adjustment spring should be checked. Any sign of 
cracking is cause for replacement of the spring. 

2. Repair. Generally, low opening pressure may be 
remedied by adjustment of the pressure regulating 
spring. Following adjustment, the spring adjustment 
retaining nut should be clamped securely to avoid 
loosening. 



c. possible trouble: 

DRIBBLING (LEAKY) NOZZLE 

This trouble may cause detonation and is also likely 
to cause crankcase dilution. It contributes to carbon 
formation on the nozzle and smoky exhaust. The 
nozzle should be checked for dribbling by attaching 
the nozzle and holder to a nozzle tester, such as shown 
in Figure 4-21, and depressing the pump handle. 
Dribbling (collection of drops of fuel at end of the 
nozzle) at a pressure lower than 200 pounds below the 
specified opening pressure, or after injection has oc- 
curred, is an indication that the nozzle is not operating 
properly. 

1. Causes and prevention. Dribbling of nozzles may 
be due to: 

(a) Damaged valve or valve body scat. 

(b) Dirty nozzle. 

(c) Broken pressure adjusting spring or screw. 

(d) Nozzle valve stuck in nozzle body. 



(a) Damaged valve or valve body seat. The nozzle valve 
seat and the nozzle body seat should be inspected care- 
fully for pit marks, cracks, erosion, or other condi- 
tions that would interfere with proper seating. A bent 
nozzle valve may result in the valve hanging open, or 
partially open. When assembling a nozzle, a centering 
sleeve or thimble should be used to position the nozzle 
properly in the nozzle cap nut. Shim stock can be used 
if the thimble is not obtainable. 

Proper centering will reduce the probability of the 
valve or body warping when the nozzles and holder 
are installed in the engine, as nozzles may fit closely in 
the engine recesses. Care should be taken to clean the 
nozzle recesses in the engine to assure adequate heat 
transfer and to guard against cocking the valve body 
and binding. Protection of spray valves is provided by 
thorough filtration and centrifuging of all fuel. Water 
or dirt in the fuel will cause corrosion and erosion of 
valve seats and orifices. 

(b) Dirty noz$}e. Leaky nozzles are frequently due to 
the presence of dirt particles on the valve seating sur- 
faces. Nozzles should be protected by adequate filtra- 
tion and should be cleaned with some suitable solvent 
to remove any gum deposits. 

(c) Broken pressure adjusting spring or screw. Breakage 
of the pressure adjusting spring will allow the nozzle 
to dribble. Likewise, a broken or stripped pressure 
adjusting screw will cause dribbling. All parts should 
be inspected carefully whenever the nozzle and holder 
are overhauled, and replacement made of any parts 
showing cracks. Springs should be flexed when in- 
spected, as this will make cracks easier to locate. 

(d) Nozzle valve stuck in nozzle body. Sec b. Nozzh 
valve stuck in nozzle body y page 53. 

2. Repair. Leaking or dribbling nozzles may fre- 
quently be repaired and placed in service again. When 
a nozzle is found to be leaking, it should first be cleaned 
thoroughly by soaking overnight in a suitable solvent, 
followed by scraping off the incrustations with brass 
tools or tools made of a softer metal. The nozzle body 
should then be clamped in a vise with protected jaws, 
and the nozzle valve coated with clean mutton tallow 
and rotated into the valve body. Usually this will re- 
move the surface deposits responsible for leakage. 

In the event that this procedure does not prove effec- 
tive, the lapping process, explained in detail in the 
Bosch fuel injector maintenance manual, may be 
necessary. This is an extremely delicate operation, and 
unless all the safeguards enumerated in the Bosch 
manual are followed, the nozzle may be ruined. 

Any nozzle must be replaced if it is cracked, ex- 
tremely eroded or so badly stuck that removal is not 
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large drops of fuel visible. "Streamers," or "flags," 
visible in the outer portion of the spray, as shown in 
Figure 4-25 B, indicate that the nozzle is not func- 
tioning properly. 

In checking hole type nozzles for spray pattern, the 
orifices should first be examined with a magnifying 
glass, counted, and an attempt made to visualize what 
the spray from the nozzle will look like if all the ori- 
fices are clear and delivering an equal quantity of fuel. 
The nozzle is then placed in the hand tester, a pumping 
speed of about 65 strokes per minute attained, and 
careful observation made of the nozzle spray pattern. 
Each orifice should deliver about the same quantity of 
fuel, and there should be no coarse drops in the pat- 
tern. Most, but not all, nozzles have a symmetrical 
pattern and the angles of delivery from the orifices are 
the same. If doubt still exists as to what the pattern 
should look like, the orifices should be recounted and 
their location again noted. 

1 . Causes and prevention. Distortion of the spray pat- 
tern is caused by : 

(a) Dirty nozzle orifices. 

(b) Eroded nozzle orifices. 

(c) Eroded nozzle valve. 

(d) Broken pintle. 

(a) Dirty nozzle orifice. Clogging of orifices with 
carbon, cleaning wires, or dirt from fuel will interfere 
with the proper flow of fuel. The fuel should be kept 
clean by adequate filtration, and the nozzles kept clean 
as specified under (c) Clogged nozzle orifices, page 53 

(b) Eroded nozzle orifices. Wear of orifices is generally 
the result of inadequate filtration or centrifuging of 
the fuel. Abrasive particles and water in fuel, if not 
removed, can result in this condition. 

(c) Eroded nozzle valve. Marring of the conical sur- 
faces of the nozzle valve by erosion can distort the fuel 
sprav pattern. The fuel must be kept clean and water 
free.' 

(d) Broken pintle. Pintle type nozzles when handled 
should receive extra care to avoid damaging that por- 
tion of the nozzle valve which protrudes below the 
bottom of the valve body. In several instances, over- 
zealous operators, in attempting to scrape the nozzle 
body free of carbon with a pocket knife, have inadvert- 
ently removed the pintle. In other instances, pintles 
have been broken off by striking or dropping the nozzle 
and holder on a hard-surfaced bench. Only cleaning 
tools of brass or other soft material must be used. 
Pintle nozzles must be handled with extra care. 

2. Repair. Distortion of the spray pattern is usually 
due to dirt in the nozzle. If, after thoroughly cleaning 
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the nozzle, the spray is still distorted, it is probable 
that erosion of the valve or orifices has occurred. Such 
a condition requires replacement of the nozzle. A 
faulty nozzle should be used only in an emergency. 

e. possible trouble: 
nozzle fails to chatter 

When nozzles are tested on the hand operated test 
stand, most types, excluding the throttling type pintle 
nozzle, should emit an intermittent snapping noise, 
termed chatter, when the handle is slowly depressed. 
This chatter is caused by the rapid opening and closing 
of the nozzle valve. Frequently, a nozzle which fails 
to chatter will also leak or dribble. 

1. Causes and prevention. Failure of nozzles to chatter 
may indicate a sticky nozzle valve. If the nozzle chat- 
ters it signifies that the nozzle valve is capable of re- 
sponding readily to changes in pressure. Failure to 
chatter may indicate that the nozzle valve is not as free 
in the nozzle body as it should be. Binding may occur 
due to gummy deposits on the valve stem, distortion of 
the valve, or distortion of the valve body. Causes of 
distortion include: overtightening the nozzle cap nut 
or nozzle holder retainer, failure to use nozzle center- 
ing sleeve, and use of gasket between surface of engine 
and nozzle body when not specified by manufacturer. 

2. Repair. Repair of a sticky nozzle usually consists 
only of cleaning the nozzle thoroughly. Sec b. Nozzle 
valve stuck in nozzle body, page 53- A permanently dis- 
torted nozzle valve or body will require replacement 
of the nozzle. 

f. possible trouble: 
excessive overflow from nozzle 

leak-off connection 

As some slight leakage between the valve and valve 
body is desirable for lubrication, provision is usually 
made to carry off any leakage of this nature. When the 
engine is operating or when the nozzle is being tested, 
the amount of leakage from the leak-off connection 
should, for most nozzles, be imperceptible. Any 
greater flow of fuel from this connection is significant 
and is an indication of nozzle trouble. It is likely that 
the cylinder served by such a nozzle will misfire either 
at intervals or continuously. 

1. Causes and prevention. Excessive overflow from 
leak-off connection of the nozzle may be indicative of: 

(a) Insufficiently tightened cap nut. 

(b) Excessive clearance between valve and body. 

(c) Dirt particles between valve and body. 
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(d) Damaged flat lapped surface of body or 

holder. 

(e) Bleeder screw not tightened. 

(a) Insufficiently tightened cap nut. Examination of 
Figure 4-20 will explain this cause. The cap nut should 
be tightened sufficiently but not excessively. 

(b) Excessive clearance between valve and body. In such 
cases the valve will appear to be loose in the body. 
Such nozzles must be replaced. 

(c) Dirt particles between valve and body. This condi- 
tion will cause leakage. Thorough cleaning of the 
nozzle (see b. Nozzle valve stuck in body, page 53) will 
usually remedy it. The filters must be kept functioning 
properly. 

(d) Damaged fiat lapped surface of body or holder. This 
will cause symptoms identical with (*) as described 
above. If it is not possible to stop the excessive 
overflow by tightening the cap nut, damage to the flat 
lapped surfaces may allow leakage. Care in assembly 
to prevent dirt particles from entering the nozzle, and 
to prevent cocking of the nozzle, will help to prevent 
this condition. 

(c) Bleeder screw not tightened. In cases where the 
bleeder screw is situated as shown in Figure 4-20, ex- 
cessive overflow may be due to a faulty or untightcned 
bleeder screw. 

2. Repair. After determining the cause of leak-off, all 
loose parts must be tightened. Damaged flat-lapped sur- 
faces must be lapped as specified in the Bosch fuel injec- 
tor maintenance manual. All parts must be cleaned thor- 
oughly and replacement of parts made where necessary. 

g. possible trouble: 
nozzle turns blue after service in engine 

On rare occasions, the nozzle tip and/or the nozzle 
valve will turn blue. This condition is indicative of 



severe overheating and must not be allowed to con- 
tinue. Bluing should not be confused with corrosion 
or gum deposits on the nozzle body or valve. The blu- 
ing will be similar to that on metal firearm parts. 

1. Causes and prevention. Overheating of nozzle may 
be a result of: 

(a) Failure to clean nozzle recess properly. 

(b) Use of gasket when not specified. 

(c) Use of wrong nozzle in engine. 

(a) Failure to clean no^xle recess properly. After remov- 
ing the nozzle and holder from the engine, and before 
reinstalling the assembly, the nozzle recess should be 
cleaned thoroughly. Collection of scale on the surface 
adjacent to the nozzle will interfere with adequate 
transfer of heat and may be responsible for bluing of 
the nozzle. Attempts to insert the nozzle in an en- 
crusted recess may cause the body to be so distorted as 
to prevent free movement of the nozzle valve. 

(b) Use of gasket when not specified. A gasket should 
never be placed between the end of the nozzle and the 
engine nozzle recess surface unless the manufacturer of 
the engine definitely states that such a gasket be used. 
In an engine not designed to use such a gasket, it will 
interfere with the proper transfer of heat and may also 
cause nozzle distortion. In this connection, it is well 
to avoid tightening nozzle holders too tightly in the 
engine as this may also cause nozzle distortion. 

(c) Use of wrong nox&e in engine. It is entirely possible 
that some mistakes may have been made in the instal- 
lation of nozzles in an engine. A check should be made 
in the manufacturer's instruction manual and the 
Bosch fuel injector maintenance manual for the desig- 
nation of nozzles to be used in the engine. All cases of 
this nature should be reported to the Bureau of Ships. 

2. Repair. Blued nozzles indicate that they have 
been overheated and should be replaced at the earliest 
opportunity. 



Tablb 4-a 

COMPARISON OF BOSCH AND GENERAL MOTORS INJECTION SYSTEMS 



Bosch 


General Motors 


1. Positive displacement, lapped plunger and barrel type high-pressure 
pump. One pump per engine cylinder. Pump operated by cam. 
Plunger either single or double helix; barrel generally single ported. 


1. Positive displacement lapped plunger and bushing (barrel) type. 
One pump per engine cylinder. Pump operated by cam. Plunger 
usually double helix; bushing always double ported. 


2. Change in timing during operation accomplished either by rota- 
tion of pump camshaft with respect to engine drive shaft, or by 
rotation of pump plunger. 


2. Timing varied by rotation of pump plunger. 


3. Variation in quantity of fuel pumped per stroke accomplished 
by rotation of plunger. 


3. Variation in quantity of fuel pumped per stroke accomplished by 
rotation of plunger. 


4. Pressure actuated spray valve. Popping pressure adjustable. 


4. Pressure actuated spray valve. Popping pressure not adjustable. 


5. Spray nozzle almost universally separate from high-pressure 
pump; interconnected by high-pressure line. 


5. Spray nozzle and high-pressure pump in single unit; no high-pres- 
sure tubing required ; hence the name unit injector. 


6. Snray nozzle may be either orifice or pintle type. 


6. Multiple orifice type spray tip used universally. 



Digitizes by 



Go gle 



58 



Qrigiral from 
UNIVERSITY OF MICHIGAN 



■■m 




. U ¥'4 




SPHERIC**, 

VALVE §fih| 




4 Sfi? SERIES - 276 SERIES j 



. ,* Ttf? 1 . 



I 



■,. . .. -y. - 

SPHETRICAI 





/ vill/ vLI -if:-' 



. ■■■ ■ 

; : 



g 11, - r* cap 

p^^oZ^; 1 .,»t..::s.r<:S 30DY 

* mm 




25* SERIES 7r SERIES 

ill IWI 

v ,r§\ J • 

! * *a 1 / 

Iff 



DIESEl 




F. GENERAL MOTORS 

4Fi> G^eiol dsscriptt&n Any ship, or activity j _____ 




. K ■■■■ ■ ,,v. : v,v'-;v ■■: •. . : 



I ! 



f /9«re 4-28. Rector te*f 



Although, the fixture illustrated is Ixueaded pri- 



caded pri- 



tui-c sprav tip orifice test, vj|vc opening pressure 
i ■ijfjt-'A test: and holding pressure tot.- Complete details on 
test P r.<eJurc ate coatni.jed m the C M fuel injector 
now 9 cms of mw'ntenance manual 




iuiiilar tii those encountered with Bosch equipttjTOt :fuel ih.imtser tiirougtj riie other hid connection H'rhe 




FUEL SYSTEMS 



the rack opening in the body, it is likely that the 
plunger and or bushing is damaged. It must not be 
forgotten, however, that rapid decline in pressure may 
also be indicative of poor condition of other lapped 
surfaces. 

Visual inspection of plunger and bushing during 
overhaul of the injector may disclose scoring, pitting, 
erosion, or other damage. (See a. Possible trouble: Dam- 
aged plunger and barrel, page 45, for inspection 
technique.) 

1. Causes and prevention. Damage to plunger and 
bushing may occur through : 

(a) Entry of dirt into the pump. 

(b) Careless handling while disassembled. 

(c) Corrosion. 

(d) Disintegration of fuel filter. 

(a) Entry of dirt into pump. Dirt is responsible for 
practically all the trouble encountered with fuel injec- 
tion equipment. Proper maintenance of fuel filters and 
strainers will protect injectors while operating. Care 
in the selection of a proper, spotlessly clean working 
space is the first requisite for protection of injectors 
during overhaul. Ideally, an injector shop should be 
air conditioned. All air should be thoroughly filtered 
prior to entry into the enclosed space. Benches should 
have smooth tops. Metal topped benches should be 
covered with linoleum or hard fiberboard. The use of 
ample quantities of suitable cleaning solvent, clean 
fuel oil, and of compressed air to blow parts dry, will 
insure cleanliness during overhaul. Rags or waste 
should never be used to clean injectors as lint particles 
from them will damage injector parts. (See (jt) Entry of 
dirt into pump, page 46.) 

(b) Careless handling while disassembled. When several 
injectors are disassembled simultaneously, it is imper- 
ative that the lapped parts of one injector do not 
become interchanged with those of another injector. 
Plungers and barrels are fitted to one another and must 
not be replaced individually. In addition to this pre- 
caution, it is necessary that the precautions stated 
under (i) Careless handling while disassembled, page 46, 
be observed. 

(c) Corrosion. Rust, pits, or discoloration on plunger 
or bushing lapped surfaces may be due to water in the 
fuel, use of corrosive diesel fuel (unlikely if Navy 
standard fuel is used), or handling dry lapped surfaces 
with perspiring hands. The hands should always be 
washed in diesel fuel, and lapped parts dipped in clean 
fuel prior to handling them. 

(d) Disintegration of fuel filters. On some occasions, 
the sintered bronze fuel filters incorporated in the body 
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of some injector models have broken up and found 
their way into the pump, causing extensive damage to 
both plunger and bushing. The best insurance against 
such an occurrence is to change filters whenever the 
injector is serviced. Filters should not be removed, 
however, unless the injector is to be cleaned thor- 
oughly, as there is considerable danger of introducing 
dirt into the injector by disturbing the position of 
these filters. 

It is believed that disintegration of the filter is due 
to the presence of water in the diesel fuel. Careful 
centrifuging of all fuel used will prevent this. 

2. Repair. If the plunger or bushing is found to be 
scored, eroded, chipped, pitted, distorted, or other- 
wise damaged, both must be replaced. Neither may be 
replaced singly. When either is damaged, a new plunger 
and bushing assembly must be installed. 

b. possible trouble: 
external leakage from injectors 

This trouble becomes apparent during the holding 
pressure test described under a. Possible trouble: Damaged 
plunger and bushing, page 60. Prior to performing this 
test, care must be taken to wipe the injector dry, giv- 
ing particular attention to the spray tip. While the 
injector is under pressure its exterior should be thor- 
oughly scrutinized for indications of leakage. 

Leakage outside the combustion chamber consti- 
tutes a fire hazard, while leakage from the tips of the 
injectors may cause smoky operation, crankcase dilu- 
tion, or misfiring of the cylinder served by this injector. 

1. Causes and preventions. Leakage from the injector 
is usually due to: 

(a) Loose connections. 

(b) Faulty gaskets. 

(c) Damaged threads. 

(d) Damaged sealing surfaces. 

(e) Broken valve spring. 

(a) Loose connections. When leakage is observed, a 
check should be made of all threaded members to 
ascertain whether or not they are tight. 

(b) Faulty gaskets. Leakage from the injector may 
occur as a result of damage to a gasket. Gaskets should 
be replaced every time the injector is disassembled. 
Care must be taken to see that the gaskets, or seal 
rings, are properly positioned prior to tightening 
the parts. 

If it is necessary to re-use a copper gasket, it should 
be softened, or annealed, by heating it to a dull red 
color and quenching it in water, prior to reinstallation. 

(c) Damaged threads. When inspecting parts, partic- 
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ing, only slight distortion of cither is necessary to 
cause binding. Distortion may result from dropping or 
striking the plunger or bushing on the deck or other 
hard metal surfaces. Great care should be exercised in 
handling the plunger and bushing and all other lapped 
parts of the injector. It is advisable to select a bench 
with a smooth wooden top, or to cover a metal bench 
with linoleum or hard fiberboard, if much fuel injector 
work is contemplated. The work should be done well 
over the center of the bench so that if parts are dropped 
they will not fall on the deck. 

2. Repair. Sometimes it is possible to free a stuck 
plunger by soaking the plunger and bushing in a car- 
bon and lacquer removing solvent, obtainable from the 
supply officer under the following stock numbers in 
the Standard Stock Catalog: 

Carbon and lacquer removing compound 

51C-1 567-56 5-gal can 

51C-1567-58 55-gal drum 

The plunger and bushing should soak overnight, or 
longer if necessary. These cleaning fluids will imme- 
diately soften and begin to remove any paint or enamel 
with which they come in contact. Likewise, rubber 
gaskets will be damaged by these fluids. If, after the 
plunger and bushing have been separated, it is found 
that the plunger does not slide freely within the bush- 
ing, it is advisable to clean the plunger and bushing 
further. The plunger should fall slowly but smoothly 
through the bushing by its own weight, and it should 
be possible to spin the plunger in the bushing by hand 
when the bushing is held in a horizontal position. 
This is accomplished by placing a small quantity of 
mutton tallow, or fuel oil and talcum powder mixture, 
on the plunger and working the plunger back and forth 
and around in the bushing to remove gummy deposits. 
Particularly obstinate stains on plungers may be re- 
moved by use of a limited quantity of jewelers' rouge 
on a piece of soft tissue paper. Cleaning tools for this 
process are described in the G.M. fuel injector main- 
tenance manual. 

It is important to remember not to lap the plunger 
to the bushing with abrasive such as jewelers' rouge. 
After cleaning the plunger with jewelers' rouge on tis- 
sue paper, the plunger must be cleaned thoroughly 
with diesel fuel before placing it in the bushing. If, 
after repeated thorough cleanings, the bushing and 
plunger still do not fit properly, it is probable that one 
or the other is distorted. In such cases it is necessary 
to replace the plunger bushing assembly. As plungers 
and bushings arc mated parts, it is not possible to re- 
place only a plunger or only a bushing. 
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d. possible trouble: 
rack sticking or jammed 

The rack, which controls the quantity of fuel in- 
jected per stroke, must be completely free. Stickiness 
of the rack, that is, resistance to motion, will result in 
governing difficulties. Hunting, or rising and falling 
of the engine speed at constant throttle setting, may 
be caused by such a condition. If the rack becomes 
jammed, it may be impossible to control the engine 
speed with the throttle. The rack may be checked for 
freedom of motion by disconnecting the governor link- 
age and attempting to move the rack by hand. There 
should be no resistance to movement of the rack when 
all springs and linkages are disconnected. 

If the injector is out of the engine, the rack freeness 
test should be performed. The rack is considered satis- 
factory if it falls freely, through its entire length, by 
its own weight when the injector is tilted from side 
to side. 

1. Causes and prevention. Stickiness or jamming of 
rack may occur as a result of: 

(a) Plunger stuck in bushing. 

(b) Dirt in rack mechanism. 

(c) Damaged rack or gear. 

(d) Improper assembly of pump. 

(a) Plunger stuck in bushing. If the plunger will not 
move up and down in its bushing, it may also fail to 
rotate. Since the linkage of each pump ties to a com- 
mon shaft that is connected to the engine governor, 
sticking of one pump plunger will, in some engines, 
prevent movement of the racks of all the other pumps. 
In other engines, a slip joint is provided at each rack to 
permit one rack to stick without affecting the other 
injectors (see c. Possible trouble: Plunger stuck in bushings 
page 62). 

(b) Dirt in rack mechanism. Dirt or metal particles 
between the teeth of the rack and gear can interfere 
with freedom of motion of the rack. Dirt must not be 
allowed to enter into the mechanism. 

(c) Damaged rack or gear. Through improper assem- 
bly technique, such as forcing parts together, it is pos- 
sible to damage the teeth of the rack or the gear. 
Burred, nicked, or bent teeth will prevent proper func- 
tioning of the rack and the gear. The rack should be 
examined carefully for straightness. 

(d) Improper assembly of pump. The rack and gear 
have matching marks to aid the operator in assembling 
them properly. Disregard of these marks may result 
in an assembly error severe enough to cause sticking or 
jamming of the rack. 
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2. Repair. The cause of sticking should be deter- 
mined, and any defective parts replaced. All parts 
must be cleaned thoroughly before reassembly. Errors 
will be avoided by careful study of the assembly 
instructions. 

e. possible trouble: 
backlash, or looseness, of rack 

This condition permits motion of the rack without 
a corresponding rotation of the plunger. As effective 
governing is based on the premise that for every 
change in engine speed there is a corresponding change 
in the fuel quantity injected per stroke, it is apparent 
that governing will be interfered with if backlash 
exists. Shimmy, or vibration of the rack while the 
engine is operating, may indicate such a condition. 
Speed variations are also indicative of this difficulty. 
Although these symptoms may be attributed to loose- 
ness of the rack, it should be remembered that malad- 
justment of, or dirty condition of, the governor may 
present similar symptoms. 

1. Causes and prevention. Backlash, looseness, or play 
in racks is generally due to: 

(a) Worn gear. 

(b) Worn rack. 

(a) Worn gear. When the injector is disassembled for 
overhaul, the gear teeth should be inspected for signs 
of excessive wear. W T ear in most cases is brought about 
by a dirty condition of the engine. Any governor con- 
dition that induces vibration of the rack, either inter- 
mittent or continuous, will, of course, hasten wear. 

(b) Worn rack. The sturdy construction of the rack 
and its relative hardness, as compared with the gear, 
makes it far less subject to wear than the gear. Rarely 
does wear of the rack occur. If it does occur, it is prob- 
ably due to an extremely dirty rack mechanism. 

2. Repair. If it is possible to move the rack more 
than .015-inch without moving the plunger, replace- 
ment of gear and/or rack is necessary. 

f. possible trouble: 
broken plunger spring 

As the injector is dependent upon the plunger spring 
to return the plunger to the top of the stroke after in- 
jection has occurred, breakage of this spring will pre- 
vent the injector from operating. Since the injectors 
are quite accessible in most engines, it is easy to locate 
a faulty injector. 

1. Cause and prevention. Breakage of plunger springs 
is due to: 



(a) Failure to inspect springs thoroughly. Whenever the 
injector is disassembled for cleaning or overhaul, the 
plunger spring should be inspected carefully for signs 
of nicks, pits, cracks, or excessive wear. By bending 
the springs while inspecting them, it may be possible 
to locate incipient cracks that are not otherwise ap- 
parent. Although inspection jobs may appear tedious, 
replacement of failed parts is equally tedious and time 
consuming. Time spent in inspection usually pays 
great dividends by eliminating many hours of repair 
work that might have been necessary if the inspection 
had not been thorough. 

2. Repair. Broken plunger springs must be replaced. 
If, during an inspection, the spring is found to be in a 
doubtful condition, it should always be replaced. 

G. possible trouble: 

DRIBBLING FROM SPRAY TIPS 

This trouble becomes apparent when the injector is 
subjected to the spray tip orifice test as described in the 
G.M. fuel injector maintenance manual. This test is 
performed by filling the fuel chamber with clean diesel 
fuel, vigorously depressing the plunger follower, 
about 60 strokes per minute, by means of the popping 
lever on the test fixture, and observing the resultant 
spray pattern. It may also be recognized by collection 
of fuel drops around the spray tip when the injector is 
subjected to the holding pressure test (see a. Possible 
trouble: Damaged plunger and bushing, page 60), or the 
valve opening pressure test (see /. Possible trouble: Pop 
pressure too high, page 65). Dribbling may result in 
smoky operation, detonation, loss of power, crank- 
case dilution, and excessive carbon formation on spray 
tips and other surfaces of the combustion chamber. 

1. Causes and prevention. See (</) Damaged sealing 
surfaces, and (e) Broken valve springs, page 62. 

2. Repair. See 2. Repair, page 62. 

h. possible trouble: 
distorted spray pattern 

Although this trouble, over a period of time, will 
affect engine operation adversely, it is best recognized 
by subjecting the injector to the spray tip orifice test (see 
g. Possible trouble: Dribbling from spray tips, above). Prior 
to testing a nozzle for spray pattern, the number of 
orifices in the tip should be counted carefully. It will 
be helpful to use a magnifying glass for this inspection, 
as the orifices generally are quite minute. 

Each orifice should emit the same quantity of fuel, 
and the spray pattern should appear to be symmetrical 
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in all respects. Any diversion from a symmetrical pat- 
tern indicates need for repair. Distortion of the spray 
pattern will inhibit efficient combustion, and cause 
local deposits of carbon in the combustion chamber, 
smoky operation, and a general lowered efficiency of 
the engine. 

1. Causes and prevention. The causes of a distorted 
spray pattern are: 

(a) Clogged spray tip orifices. 

(b) Eroded spray tip orifices. 

(a) Clogged spray tip orifices. When it is noted that 
one or more orifices appears not to be discharging 
fuel, these orifices should be inspected carefully. In 
most cases, they will be found to be clogged with car- 
bon. However, if an attempt has been made to clean 
them, it is entirely possible that a cleaning wire may 
have been broken off in the orifice. Gradual clogging 
of spray tip orifices with carbon and gummy deposits 
is to be expected over a period of time. Extremely 
rapid clogging of spray tip orifices may indicate some 
abnormal engine condition such as worn rings, worn 
liners, or any condition that would be responsible for 
oil pumping or a reduction in the quantity of air taken 
into the cylinder. The use of additive type lubricating 
oil materially reduces such deposits. Clogging result- 
ing from broken wires can best be prevented by work- 
ing the cleaning wire into the orifice gradually and 
gently. 

(b) Eroded spray tip orifices. Some erosion is to be 
expected. However, extremely rapid or severe erosion 
is usually the result of water or an abundance of abra- 
sive material in the fuel oil. These conditions can be 
forestalled by adequate filtration and thorough cen- 
trifuging of all fuel oil. 

2. Repair. Distortion of the spray pattern frequently 
may be corrected by removal of deposits from spray tip 
orifices. This may be accomplished most expeditiously 
by soaking the spray tip overnight in some such sol- 
vent as recommended under 2. Repair, page 63- After 
soaking, it is generally possible to push out the clog- 
ging substances, with little difficulty, by means of a 
cleaning wire held in a pin vise. Carbon deposits in 
the main fuel passage may be removed with a drill 
held in the hand vise. To avoid breaking off the clean- 
ing wire in the spray orifice, the operator should 
ascertain, prior to the cleaning operation, the correct 
size of wire and drill to be used for his particular spray 
tip. Specifications as to size of cleaning wire and drill 
for every type of G.M. injector arc given in the G.M. 
fuel injector maintenance manual. When using a 
cleaning wire or drill, care should be taken to insert it 
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in line with the hole. Inserting the wire at an angle 
different from that of the hole almost always results in 
breakage. There is no known method of repair for 
eroded spray tip orifices. Such tips must be replaced. 

i. possible trouble: 

POP PRESSURE TOO HIGH 

By means of the test fixture shown in Figure 4-28, it 
is possible to determine the pressure at which the in- 
jector will pop; that is, the pressure at which the injec- 
tor valve opens. 

Injectors equipped with needle valve assemblies cannot be 
tested for opening pressure without special equipment. At- 
tempts to do so will result in severe damage to the test 
equipment and injector. Complete instructions for 
testing this type of injector are given in the G.M. fuel 
injector maintenance manual. The valve opening pressure 
test is similar to the holding pressure test (see a. Possi- 
ble trouble: Damaged plunger and bushing, page 60), 
except that the pressure of the fuel within the fuel 
chamber is increased until the injector pops, or sprays, 
fuel from the orifices. The pressure at which popping 
occurs is referred to as the pop pressure. When pop pres- 
sure is considerably above normal, as specified in the 
G.M. fuel injector maintenance manual, or when the 
injector will not pop, the injector cannot be expected 
to perform satisfactorily in the engine. 

1. Cause and prevention. When it is possible to build 
up a pressure considerably higher than the pop pres- 
sure of the injector, it is likely that this condition 
is due to: 

(a) Improper assembly of injector parts. In certain 
models of the G.M. injector, it is possible to reverse 
one of the check valves. This will cause the check 
valve to seat when fuel tends to flow from the injector 
to the engine. When installing a check valve, be ex- 
tremely careful to position it properly. 

2. Repair. If an injector is operated when its pop- 
ping pressure is excessive, serious damage may be 
inflicted upon the injector. Therefore, check valves 
must be assembled properly. The testing of a needle 
valve type injector for pop pressure should never be 
attempted unless special equipment is available, as 
otherwise it will be possible to build up extreme pres- 
sures without opening the needle valve. 

j. possible trouble: 
pop pressure too low 

This trouble is recognized in a manner similar to 
/. Possible trouble: Pop pressure too high, above. A pop 
pressure lower than that specified for the particular 

Origiral frcrn 
UNIVERSITY OF MICHIGAN 



DIESEL ENGINE MAINTENANCE TRAINING MANUAL-U. S. NAVY 



injector indicates that this injector would not func- 
tion satisfactorily in the engine. These values are 
explained in the G.M. fuel injector maintenance 
manual. 

1. Causes and prevention. Subnormal pop pressure 
may be due to: 

(a) Weak valve spring. 

(b) Dirty sealing surfaces. 

(a) Weak valve spring. As the pressure at which the 
spray valve opens depends upon the stiffness of the 
valve spring, any condition which would tend to 
weaken the spring will lower the injection, or pop, 
pressure. Valve springs may become weak through 
fatigue, wear, or corrosion. Inspection of springs will 
usually disclose evidences of corrosion or excessive 
wear, if present. The length of the old spring may be 
compared with that of a new valve spring. If there is 
any noticeable difference in length, the old spring 
should be discarded. 

Corrosion may be minimized by proper storage of 
the injector when it is not in use in the engine, and by 
maintaining the diesel fuel in a water-free condition. 

(b) Dirty sealing surfaces. If any of the sealing sur- 
faces (see Figure 4-29), are dirty or damaged, the pop 
pressure may be subnormal. Clean all surfaces thor- 
oughly and lap them, where necessary, in accordance 
with instructions in the G.M. fuel injector main- 
tenance manual. 

2. Repair. When the injector is found to have a low 
pop pressure, it is advisable to clean all parts thor- 
oughly, replace the valve spring, and then retest the 
injector. Unlike the Bosch system, the G.M. system 
docs not permit adjustment of the valve spring 
compression. 

k. possible trouble: 
injectors not balanced 

When this trouble exists, there is an inequality in 
the quantity of fuel injected into each of the cylinders. 
This trouble is also referred to as improper position of 
control racks, or faulty calibration. Symptoms associated 
with this trouble include: loss of power, smoky ex- 
haust, vibration, detonation, and uneven engine oper- 
ation. It is not possible to obtain maximum efficiency 
of the engine under such conditions. 

1. Causes and prevention. Unbalance of injectors may 
be due to: 

(a) Failure to follow instruction for setting 
control racks. 

(b) Improper assembly of injector. 
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(a) Failure to follow instruction for setting control rack. 
The engine instruction manual contains complete in- 
structions for proper positioning of the fuel control 
racks. When this adjustment is made, the maximum 
amount of fuel will be injected by each of the injectors 
when one of the racks is all the way in; no fuel will be 
injected when one of the racks is all the way out. The 
conventional method of adjustment for most models is 
to adjust all the racks until they extend from the in- 
jectors a specified distance. This is a critical adjust- 
ment and should be made most carefully. 

(b) Improper assembly of injector. Due to the method 
used for balancing the injectors, it is essential that 
comparative rack settings between injectors correspond 
to comparative rates of fuel injection. If the matching 
marks on the rack and gear are disregarded, it is 
entirely possible to assemble the injector so that bal- 
ancing by the conventional method is impossible. The 
instructions for overhaul should be studied carefully 
before attempting the disassembly or assembly of an 
injector. 

2. Repair. Improper balancing of the injectors may 
be remedied by making rack settings as specified in the 
engine instruction manual. Balancing, however, is 
not possible unless the injectors are assembled as they 
were designed to be. 

l. possible trouble: 
injectors improperly timed 

Mistiming of several injectors will result in uneven 
operation or vibration of the engine. Early timing 
generally results in detonation, whereas late timing 
results in smoky exhaust, high exhaust temperatures, 
lowered firing pressure, and loss of power. 

1. Causes and prevention. Mistiming of injectors is 
due to: 

(a) Failure to follow instructions for timing. 

(b) Loose adjusting screw. 

(a) Failure to follow instructions for timing. The engine 
instruction manual contains information as to how to 
time injectors to the engine. Each injector is driven 
by a cam through a rocker arm, and in some engines, a 
push rod. Correct timing necessitates that the plunger 
of each injector, when that injector is not depressed, 
that is, when the rocker arm or push rod is on the base 
circle of cam, be in the same relative position with re- 
spect to the ports. Furthermore, each plunger must be 
a certain specific distance from the port. Timing is 
simply accomplished, in most cases, by use of a timing 
tool which serves as a guide to position the injector 
plungers properly. 
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a. possible trouble: 
pump unbalanced 



The fuel injection system is considered to be unbal- 
anced when unequal volumes of fuel are being injected 
into the engine cylinders. This is evidenced by uneven 
engine operation. 

1. Causes and prevention. Causes of an unbalanced 
pump are as follows: 

(a) Worn plungers and cylinders. 

(b) Scored plungers and cylinders. 

(c) Faulty check valves. 

(d) Faulty nozzles. 

(e) Sticking plungers. 

(a) Worn plungers and cylinders. When the parts of 
the hydraulic unit become worn, the rates of leakage 
increase. It is impossible to control the rate of leakage 
and it is also impossible to increase the effective stroke 
of an individual cylinder, inasmuch as there is no 
mechanical provision for doing so. Some allowance 
for unequal fuel delivery can be made by rearranging 
the discharge check valves. 

The effect of leakage is most noticeable at low 
speeds and does not become apparent at operating 
speeds until the wear is excessive. 

The greatest cause of wear is contaminated fuel. 
Existing filters are capable of removing particles suffi- 
ciently large to score the plungers and cylinder bores. 

(b) Scored plungers and cylinders. This subject is cov- 
ered in b. Possible trouble: Scored plungers and cylinders, 
page 70. 

(c) Faulty check valves. Faulty check valves can cause 
irregular and unequal pump discharge. The check 
valve can be disassembled for inspection. However, 
the ball check and valve seat cannot be lapped satis- 
factorily; if they are defective, they must be replaced. 

(d) Faulty nozzles. Improperly adjusted injector 
nozzles will cause unequal fuel distribution. The pop- 
ping pressure of the pressure actuated nozzles has a 
direct bearing on the quantity of fuel delivered. An 
increase in nozzle opening pressure usually results in a 
decrease in the quantity of fuel injected. 

Dirty, clogged, and sticking nozzle valves will also 
cause erratic engine performance (see a. Possible 
trouble: Faulty injection nobles, page 72). 

(e) Sticking plungers. On the delivery stroke, the 
plungers are actuated by the shoe plate which rides on 
the swash plate. On the suction stroke, however, the 
plungers are actuated by the plunger return springs. 
When the plungers become scored, or coated with a 
fine layer of resinous gum, they tend to stick and will 
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not return. This condition necessitates the complete 
disassembly of the hydraulic unit as outlined under 
2. Repair, page 71. 

2. Repair. When aboard ship and away from a repair 
ship, it is advisable merely to replace the hydraulic 
unit. No attempt should be made to balance the fuel 
injection system unless a calibrating machine is avail- 
able. There are not many calibrating machines made 
specifically for the Excello pump; however, it is rea- 
sonably easy to adapt a Bosch test stand to accommo- 
date the Excello pump. Illustrations of this conversion 
are given in the Excello Fuel Injection Equipment Main- 
tenance Manual, NavShips 341-5026. A copy of this 
publication should be obtained by every ship, repair 
base or school handling Excello equipment. 

When replacing the hydraulic unit, injection nozzles 
should be removed and inspected. The popping pres- 
sures should be checked to make sure that they con- 
form with the pressures specified in the instruction 
manual for the particular engine. 

If a test stand with suitable adapters is available, the 
entire fuel pump is installed in the stand and the neces- 
sary shaft and fuel line connections are made. Each 
discharge check valve is connected to a properly cali- 
brated injection nozzle. It will be necessary to discon- 
nect the throttle control linkage and to provide some 
means of keeping the throttle control lever in the full 
throttle position while testing. When testing the 
pump, the test stand is run at about 300 rpm with the 
pump throttle set at the full throttle position until one 
of the graduated cylinders becomes full. The volume 
of fuel discharged from each nozzle is then recorded. 

The above test is repeated at a speed of about 
600 rpm and the readings again recorded. The varia- 
tions of readings taken at 300 rpm and 600 rpm are 
compared. It is expected that the variation will be 
greater at the lower speed due to the greater effect of 
leakage at the lower speeds. 

If, at the higher speed, the maximum variation is 
within 10 percent of the maximum volume discharged, 
the pump is considered to be satisfactory. Variations 
up to 25 percent at the lower speed are acceptable. 

If the variation is greater than that specified above, 
it may be possible to make some correction for the 
discrepancy by interchanging the delivery check 
valves. This is done by interchanging the delivery 
check valve from the pump cylinder having the maxi- 
mum discharge with that from the cylinder having the 
minimum discharge. 

After interchanging the check valves, the pump 
must be tested again. By careful and patient changing 
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of the discharge valves, it is often possible to calibrate 
the pump within the acceptable limits. 

b. possible trouble: 
scored plungers and cylinders 

The first indication of a scored plunger and cylinder 
bore will be uneven engine operation at low speeds. 
Trouble will be experienced when idling the engine, 
and it will be necessary to increase the idling speed to 
prevent excessive roll and stalling. As the scoring 
becomes worse, increased difficulty will be experienced 
in preventing the engine from stalling. A scored 
plunger and barrel will allow fuel oil leakage and will 
result in less fuel oil being delivered to the engine 
cylinder affected. 

Other fuel system defects such as faulty nozzle, 
check valve, leaking high-pressure fuel lines, etc., may 
cause the same symptoms. 

1. Causes and prevention. A scored plunger and barrel 
can be attributed to one of the following: 

(a) Dirt in the fuel oil. 

(b) Water in the fuel oil. 

(c) Careless assembly. 

(a) Dirt in the fuel oil. One of the greatest difficulties 
encountered in the jerk pump type of fuel injection 
equipment is that of keeping the fuel free of all 
abrasives. Every precaution has been taken by the 
manufacturer to provide means for the removal, before 
they reach the plungers and barrels, of any foreign 
particles that may enter the system. To accomplish 
this, the manufacturer has specified that every system 
be equipped with a strainer and filter in addition to 
the safety filter mounted directly on the pump. If the 
strainers and filters are properly maintained and arc 
serviced regularly, little trouble should be encountered. 

The filters and strainers should be serviced as out- 
lined on pages 92-97. It is necessary to drain the pri- 
mary strainer daily to remove the major part of the 
water and sediment. 

The plungers in the hydraulic unit are lapped to the 
cylinder bores. The clearances between the plungers 
and bores are extremely small, and are incapable of 
accommodating any foreign material. When foreign 
particles do get into the hydraulic unit, the usual re- 
sult is scoring and permanent damage to the entire 
hydraulic unit. 

Inasmuch as the cylinder bores are all cast together, 
the scoring of one cylinder necessitates replacement of 
the entire assembly. Each plunger is individually 
lapped and fitted to a specific bore, and one plunger is 
not interchangeable with another, even in the same 
unit. 
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(b) Water in the fuel oil. Water, like dirt, will cause 
pitting and scoring of the finely finished plungers and 
cylinder bores. Water should be trapped in the pri- 
mary strainer. The strainer should be drained daily to 
remove any accumulation of water. 

(c) Careless assembly. Many Excello pumps are dam- 
aged permanently during overhaul or inspection. Every 
precaution must be exerted to insure that the surfaces 
of the plungers and the cylinder bores are not damaged. 
In handling the hydraulic unit, precautions and prac- 
tices listed under 2. Repair, page 71, must be followed 
exactly. 

2. Repair. Seriously scored plungers and cylinder 
bores cannot be repaired. Slight abrasions may be 
relieved, however, by lapping the plunger and bore as 
outlined under 2. Repair, page 71. 

If serious scoring is evident, it will be necessary to 
replace the entire hydraulic unit. 

c. possible trouble: 

STICKING PLUNGERS 

Occasionally, the plungers in the hydraulic unit will 
stick in the cylinder bores. The plungers may remain 
stuck until disassembled, or the sticking may be only 
intermittent. A stuck plunger causes the engine to 
misfire on the affected cylinder and usually is accom- 
panied by a metallic noise within the pump. 

1. Causes and preventions. Sticking plungers may be 
caused by : 

(a) Gum deposits. 

(b) Foreign particles. 

(c) Broken return spring. 

(a) Gum deposits. The chief cause of sticking plungers 
is resinous gum deposits from the fuel oil. This condi- 
tion usually occurs after the engine has been idle for a 
long period. The removal of these deposits requires 
complete disassembly of the hydraulic unit as outlined 
under 2. Repair, page 71. The plunger should then be 
given a thin coat of mutton tallow and worked back 
and forth in the bore. If this does not tend to 
eliminate the binding, it may be necessary to lap the 
plunger and bore with a small amount of jewelers' 
rouge. 

(b) Foreign particles. Plunger to cylinder bore clear- 
ances do not allow for any foreign particles. When 
such particles enter the cylinder, they cause scoring 
and galling of the finely lapped surfaces and conse- 
quently, in many cases, cause the plungers to become 
jammed. 

(c) Broken return spring. A broken or weak return 
spring may cause the plunger to stick and not return 
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on its suction stroke. Whenever the hydraulic unit is 
disassembled, the return springs should be inspected. 

2. Repair. When the plungers are caused to stick by 
gum deposits or by abrasives, the unit should be re- 
moved from the pump body and completely dis- 
assembled. The procedure and precautions briefed 
below must be followed. 

(a) The work should be done only on a clean bench 
from which all objects not actually needed for dis- 
assembly or reassembly of the unit, have been removed. 
The bench should be wiped with fuel oil, and then 
wiped dry with a clean cloth. 

(b) Three or four shallow pans or glass dishes must 
be obtained, and each filled about one-quarter full with 
clean fuel oil. 

(c) The unit is disassembled, starting with the check 
valves. The name plate is removed, and the setscrew 
beneath it is withdrawn to release the throttle shaft 
assembly. When the throttle shaft assembly has been 
removed, the rotor and the control collar can be with- 
drawn. The spring case is next removed, and then the 
plungers. A check should be made on each plunger as 
it is removed to see that the number on the plunger 
corresponds with the number on the cylinder. All 
parts should be set in the fuel oil pans as they are re- 
moved from the unit. 

(d) Each part is rinsed and then placed on paper 
toweling to drain. 

(e) Each plunger must be checked individually in 
the bore to which it belongs; the plungers must not be 
interchanged. If a plunger tends to stick, or in any 
manner bind within the bore, a slight amount of mut- 
ton tallow should first be applied to the plunger, and 
then the plunger should be worked back and forth 
several times with a rotating motion. If this does not 
alleviate the trouble, it will be necessary to repeat the 
above procedure using a small amount of jewelers' 
rouge. In the event that jewelers' rouge is not avail- 
able, satisfactory results may be obtained by using a 
small amount of talcum powder mixed with a drop or 
two of fuel oil. Nothing coarser than talcum powder 
must ever be used when lapping the plungers and 
cylinder bores. Aft^r lapping the plunger and bores, 
the parts must be washed free of all traces of the rouge 
or talcum powder, and the plunger again tested in the 
bore. In some cases, it may be necessary to repeat this 
procedure several times before satisfactory results are 
obtained. 

(f) The hydraulic unit is reassembled and installed 
on the pump. 

(g) The calibration of the pump must now be 
checked. The procedure for this can be found under 



2. Repair, page 69. Repair and maintenance methods 
are fully discussed in the Excello fuel injector main- 
tenance manual. 

d. possible trouble: 
system air bound 

Hard starting, or failure to start, may be caused by 
the fuel pump becoming air bound. 

To facilitate starting, the system should be bled 
whenever any part of the pump has been disassembled. 
It is advisable also to bleed the system whenever the 
engine has remained idle. 

1. Causes and prevention. A pump may become air 
bound due to: 

(a) Loose connections. 

(b) Insufficient fuel. 

(a) Loose connections. Improperly tightened connec- 
tions on the suction side of the transfer pump will 
cause air to become trapped in the system. All fuel 
lines on the suction side of the pump must be inspected 
regularly. 

Loose connections beyond the pump will cause fuel 
leakage during operation, and also when the pump is 
idle. When idle, the fuel within the pumps and safety 
filter will be displaced by air. 

(b) Insufficient fuel. The pump will become air bound 
each time the fuel runs out, and the pumps must be 
bled before again attempting to start the engine. 

2. Repair. The pump is bled by the use of the hand 
priming pump and by loosening the bleeder screw at 
the top of the safety filter. 

4G2. Excello fuel injection nozzle. The Excello 
injection nozzle is of the pressure actuated type. It 
embodies a wire mesh fuel strainer and a spring loaded 
pintle valve. The nozzle is a factory calibrated and 
sealed assembly. No provision is made for adjustment 
of the nozzle opening pressure. 

a. possible trouble: 
faulty injection nozzles 

Faulty nozzle operation is evidenced by smoky ex- 
haust, detonation, uneven engine operation, and exces- 
sive carbon deposits within the engine cylinder. 

1. Causes and prevention. Faulty nozzle operation 
may be caused by one or more of the following: 

(a) Improper opening pressure. 

(b) Scored pintle valve or valve seat. 

(c) Sticking valve. 

(a) Improper opening pressure. The pressure at which 
an injection nozzle opens greatly affects engine opera- 
tion. Nozzle opening pressures for the nozzles used in 
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fuel through the distributor will be disrupted after the 
engine is started. 

(c) Inoperative gear pumps. Any failure of the gear 
pump to supply fuel to the distributor will cause scor- 
ing of the disk and cover, since the distributor depends 
upon the fuel oil for lubrication. The engine will also 
cease operating because of insufficient fuel delivery 
(see pages 37-39). 

2. Repair. It is necessary to replace the disk and 
cover with a new or reground set when either shows 
scoring or wear. Disks and covers are supplied only in 
pairs, and must be replaced only as a unit. Due to the 
close tolerances existing, regrinding and lapping the 
disk and cover by operating personnel is not recom- 
mended. This operation must be performed at the 
factory where special equipment and trained personnel 
are available. When the disk and cover are being re- 
placed, they should be washed thoroughly with 
cleaning solvent, and all passages should be blown out 
with compressed air before installing. 



b. possible trouble: 
damaged metering pump plunger and barrel 



The usual trouble encountered with the common 
metering pump is a worn or scored plunger and barrel. 
A worn or scored plunger will result in a loss of pres- 
sure, causing inaccurate metering to the injectors. The 
power delivered by the engine will decrease. 

1. Causes and prevention. The causes for a damaged 
plunger are: 

(a) Dirt in the fuel. 

(b) Normal wear. 

(a) Dirt in the fuel. Dirty fuel will damage the 
metering plunger in the same manner that it damages 
the distributor disk and cover. The same precautions 
mentioned to protect the disk and cover from dirty 
fuel apply similarly to the metering pump plunger 
and barrel. The fuel system must be kept free of dirt 
particles. 

(Jf) Normal wear. After many hours' use, the plunger 
will normally wear to the extent that the required 
pressure cannot be built up. If this is the case, the 
plunger and barrel must be replaced. To determine the 
extent of wear, the following simple test should be 
performed during disassembly of the unit. The pump 
barrel is closed off with a finger to test the suction. 
This will determine the fit and should be performed 
when the unit is dry. If the plunger is not held by 
suction for at least one minute, it is sufficiently worn 
to cause loss of fuel pressure and must be replaced. 
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2. Repair. Not much can be done to repair the plunger 
and barrel. A worn plunger and barrel must be 
replaced. However, a fine grade of crocus cloth may 
be used to polish and clean the surfaces, provided they 
are not excessively worn. 

When replacing a plunger and barrel, a new copper 
gasket should always be placed upon the end of the 
barrel . 

c. possible trouble: 

DAMAGED PRIMING VALVE 

The priming valve is used in conjunction with the 
hand priming pump to prime the fuel system before 
starting. The valve is situated on the side of the dis- 
tributor housing. When opened, it allows fuel to 
bypass the metering pump and enter into the injectors. 
During operation, the valve must remain closed. If it is not 
kept closed, an unmetered quantity of fuel will be fed 
directly to the injector, causing excessive and uncon- 
trollable engine speeds. The importance of a perfect 
seal between the valve and the seat is therefore evi- 
dent. If the valve becomes damaged, there is danger 
that fuel leakage will occur, increasing the quantity of 
fuel to the injectors and causing the engine to run 
away. A fuel knock may be evident. 

The usual damage to the valve is a broken valve 
point or damaged valve seat. 

1. Causes and prevention. The above damage is gen- 
erally caused by overtightening the valve packing nut. 
If the nut is overtightened, the usual result is a broken 
valve point, which will allow fuel leakage to the 
injectors. Tighten the nut only to the extent that the 
priming valve can be turned with the fingers. The valve 
must be replaced if broken. 

If the seat has been damaged by overtightening, it 
must be repaired. 

2. Repair. If the priming valve seat is damaged, it 
must be refaccd with a J^-inch drill, ground to a 30- 
degree taper. See the Cummins fuel injector mainten- 
ance manual for the procedure in refacing the seat. 
Care must be taken not to remove too much of the 
stock. Only enough material to obtain a concentric 
seat for the valve should be removed. After refacing, 
all metal particles should be removed by blowing with 
compressed air. If the valve seat is damaged beyond 
repair, the distributor housing must be replaced. 

A broken valve must also be replaced. 

d. possible trouble: 
sticky injector plungers 

A sticky injector plunger may be characterized by 
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several conditions noticeable during engine operation, 
such as a missing or weak cylinder, smoky exhaust, 
and failure of the engine to develop full power. 

1. Causes and prevention. Following are the causes of 
a sticky injector plunger: 

(a) Improper fuel. 

(b) Uneven tension on injector hold-down nuts. 

(c) Interchanging plungers and bodies. 

(d) Improper service procedure. 

(a) Improper fuel. The fuel difficulties that must be 
guarded against to prevent sticky plungers are: dirty 
fuel, or fuel having improper specifications. 

A strainer screen is located in the fuel inlet connec- 
tion to each injector. The purpose of this screen is to 
remove any small dirt particles, etc., that may have 
escaped the fuel pump conical screen and the primary 
filters and strainers. This strainer screen must be 
cleaned occasionally to prevent the accumulation of 
dirt particles. 

Refer to a. Dirt in fuel oil, page 76, for care of the 
fuel pump conical screen. 

(b) Uneven tension on injector hold-down nuts. A sticky 
plunger may be caused by improper tightening of the 
injector hold-down nuts. They must be tightened to 
the same tension to prevent the injector body from 
becoming distorted. A distorted body will cause the 
plunger and its barrel to bind. The specified torque to 
be exerted on the hold-down nuts is from 10 to 15 
pound-feet. In attaining this desired torque, each nut 
should be tightened evenly in a step-by-step manner. 
Should a greater torque be applied to these nuts, there 
is danger that the valve seats may be distorted and the 
cylinder head cracked. 

(c) Interchanging plungers and bodies. The injector 
plunger must not be interchanged with another from a 
different injector body. Due to the close tolerances, 
the plunger and body must remain as a unit. The 
plunger must always be installed in its original injec- 
tor body to prevent binding and consequent damage 
to the unit. 

(d) Improper service procedure. Many injector troubles 
may be averted by careful service procedure. The 
injector must never be clamped in a vise, as a sticky 
plunger will usually result because of distortion of the 
injector body. A simple injector holding fixture can be 
designed, similar to that shown in the Bureau of Ships 
publication, the Cummins maintenance manual, in the 
section on the Cummins fuel system. This manual has 
been mentioned previously and should be used to ob- 
tain the proper service procedure required to prevent 
damage to the injector during overhaul and servicing. 



2. Repair. The injector plunger can be cleaned with 
a cleaning solvent to remove any carbon or varnish 
that might cause a sticky plunger. In this operation, 
clean cloths must always be used. 

If the cause for the sticky plunger is uneven tighten- 
ing of the hold-down nuts, the plunger will usually 
return to its normal position when the nuts are loos- 
ened and retightened properly. If the plunger does not 
return to its original position, the injector unit must 
be replaced. 

e. possible trouble: 
worn or scored injector plungers 

See Bosch Fuel System, a. Possible trouble: Damaged 
plunger and barrel assembly, pages 45~46. Omit 
cause c. Overtightening of delivery valve holder. 

f. possible trouble: 
clogged injector spray holes 

A clogged injector spray hole will prevent complete 
mixing of the fuel charge with the available air in the 
cylinder. Part of the air will be starved for fuel, that 
part being the amount usually supplied through the 
plugged hole. The other portion of the combustion 
chamber will contain too much fuel for the amount of 
air available in that area. These conditions will result 
in a drop in the power output of that cylinder, causing 
the other cylinders to attempt to carry the load. 
More fuel will then be delivered to the engine as a 
whole than can be burned efficiently, leading to sticky 
rings and crankcase dilution. Improper combustion 
will occur and smoky exhaust will result. The injec- 
tor spray holes must be inspected carefully when the 
injector is removed from the engine, to determine 
whether dirt or metal particles have clogged one of 
the holes. 

1 . Causes and prevention. See (c) Clogged nozzle orifices, 
pages 53-54. 

2. Repair. See the section on the Cummins diescl 
fuel injection system in the Cummins maintenance 
manual. 

g. possible trouble: 
worn injector cup tip 

Wear of the injector cup tip, as shown in Figure 
4-38, can usually be detected by inspection of the cup 
under a magnifying glass. Figure 4-39 shows a new 
injector cup tip. 

1. Causes and prevention. The usual causes for a worn 
cup tip are: 
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sists af the accessary storage tanks, lines, filters, 
strainers, and transfer pumps (see the Atlas fuel system, 
Figure 4-41), 




ijajecnoa, the spray valve oiusr fee opened b:cr\ 
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4-40). This valve is of the bypass type, and utilizes a 
lapped needle valve and seat. A certain quantity of 
fuel is bypassed from the common rail at all times. If, 
for any reason, the fuel pressure within the fuel header 



drops, the spring pressure acting on the needle valve 
closes it slightly, causing less fuel to be bypassed and 
thereby maintaining a constant fuel pressure within 
the common rail. 
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Digitized by 



Gougle 



Figure 4-42. Spray valve and actuating mechanism. 
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The spray valve, Figure 4-42, a heavily spring 
loaded needle valve, meters the proper amount of fuel 
and delivers it to the combustion chamber at the 
proper instant in the cycle. 

The spray valves are actuated by adjustable cams, 
cam followers, push rods, and rocker arms. It can be 
seen from Figure 4-42 that the control of the time of 
spray valve opening and closing is obtained by the 
movable fuel wedge, which is actuated by the engine 
governor. To increase the engine speed, the governor 
moves the fuel wedge to decrease the gap between the 
cam followers and the push rods. This will cause the 
spray valves to open sooner, and close later, thus 
increasing the amount of fuel supplied to the cylinder. 
This increase in fuel will cause an increase in engine 
speed. The start of injection also occurs at an earlier 
time in the engine cycle, as is necessary with the in- 
crease in speed. To decrease the engine speed, the 
wedge is moved upward to increase the gap between 
the cam follower and the push rods. 

a. possible troubles: 

IMPROPER TIMING OF FUEL SYSTEM 

Improper timing is perhaps the most commonly 
experienced trouble with this fuel system and usually 
manifests itself in the form of improper engine per- 
formance, evidenced by black smoke, fuel knock, 
inability of the engine to carry the load, etc. 

1. Causes and prevention. This trouble can almost 
always be attributed to failure to follow timing instruc- 
tions. The engine instruction manual must be followed 
implicitly in order to time the engine satisfactorily. 

2. Repair. The proper method to be used in timing 
the spray valves to the engine is as follows: 

(a) The proper spray valve opening and closing posi- 
tions must be obtained from the engine name plate 
data. (In the following discussion, the usual values 
encountered will be used; that is, 8° before top dead 
center (BTDC) for opening and 18° after top dead 
center (ATDC) for closing.) 

(b) The cylinder isolation valves in the common 
rail must be closed to all cylinders except the one to 
be timed. 

(c) The buffer spring gage assembly in each fuel 
push rod must be unscrewed about two turns before 
any timing is performed. (This assembly, Figure 
4-42, assists the spray valve spring in returning the 
valve mechanism as the spray valve is closed, and it 
also serves to position the push rod in relation to the 
cam follower.) 

(d) The fuel wedges must be in the full load posi- 
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tion. This position normally is attained when the 
engine is secured. 

(e) The engine should be barred over to a position 
halfway between 8° BTDC and 18° ATDC, which will 
be 5° ATDC. This position will be with the piston on 
the power stroke. The sliding fuel pump cam can be 
moved until the centerline of the cam toe is in align- 
ment with the axis of the cam followers. The cam 
must be clamped temporarily in this position. The 
cam is of the sliding type, keyed to the camshaft. The 
action of the spray valve is controlled by the steel cam 
toe, inserted in a steel disk, the disk serving as the 
base circle of the cam. 

(f) The crankshaft should be barred over in the cor- 
rect direction of rotation until the piston of the cyl- 
inder to be timed is 8° BTDC on the compression stroke. 

(g) Fuel pressure must be built up to 1500 psi by the 
hand priming pump. 

(h) The spray valve push rods are of the adjustable 
type; that is, they may be lengthened or shortened by 
loosening a lock nut and turning the push rod. The 
push rod must be lengthened until the fuel pressure 
drops, as indicated by the pressure gage. This will be 
an indication that the spray valve has opened, allow- 
ing the fuel charge to enter into the cylinder. 

(i) The closing point must now be obtained. It is 
well to bar the engine a few degrees past 18° ATDC for 
the cylinder in question before building the pressure 
up to 1500 psi in the common rail. The engine is then 
barred backward until the pressure again drops. This 
will indicate the closing of the valve. If the cylinder 
is in time, the flywheel indicator will be at 18° ATDC 
for the cylinder in question. If the reading is different, 
the length of the spray period will not be correct. If 
this is the case, it will be necessary to shift the slicing 
cam a slight amount, either to retard or advance the 
cam slightly, depending upon whether the spray 
period closing occurred before or after 18° ATDC. 
Then, steps (0 through (i) must be, repeated. 

(j) Each cylinder must be timed in a "Similar manner. 

(k) The buffer spring cage assemblies must be tight- 
ened and adjusted after the timing procedure. The 
buffer spring adjustments are listed in the engine 
instruction manual. % 

After the timing procedure, it is necessary to blow 
out the cylinder with compressed air, as a considerable 
amount of fuel will be in the cylinder due to the man- 
ner in which the engine is timed. 

After the above procedure is performed, the fuel 
system will be properly timed and balanced; that is, 
theoretically, an equal amount of fuel will be delivered 
to each cylinder at the correct instant. Actually, due 
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to mechanical difficulties, it is impossible for each 
spray valve to be in such perfect balance that each cyl- 
inder will carry an equal share of the load. This has 
led to frequent troubles brought about by attempts of 
operating personnel to balance each cylinder by ad- 
justing the push rod lengths, after the engine is in 
time. The engine manufacturer allows a slight adjust- 
ment of one-half turn of the push rod or less while the 
engine is in operation. If the rod is adjusted more than 
this amount, the start and stop of injection, that is, 
the timing, will be affected materially, leading to 
improper engine performance. The push rod length 
should never be adjusted more than one-half turn in attempting 
to balance the load of each cylinder while the engine is 
operating. 

b. possible trouble: 
clogged spray orifices 

See Bosch Fuel System, (c) Clogged no^le orifices, 
pages 53-54. 

c. possible trouble: 

LEAKY NOZZLE TIP 

A leaky nozzle tip will cause unsatisfactory engine 
operation, as an excessive amount of fuel will be in- 
jected into the cylinder. This fuel will not be atomized 
sufficiently for efficient burning. Black smoke will be 
noted in the exhaust. A decided fuel knock may be- 
come evident. 

1. Causes and prevention. The usual causes for a 
leaky spray valve are: 

(a) Obstruction between valve and scat. 

(b) Damaged seat. 

(a) Obstruction between valve and seat. The seat for the 
needle valve is situated in the spray tip just above the 
entrances to the spray orifices. The valve body is 
counterbored to receive the spray tip, the tip being 
securely fastened to the valve body by a nut. 

Any piece of dirt between the seat and the valve will 
allow fuel to leak into the cylinder. This may be pre- 
vented by cleaning the tip and end of the valve stem. 

There are individual spray valve fuel filters to assist 
the fuel filter at the injection pump. These filters must 
be cleaned frequently by blowing with compressed air. 

(b) Damaged seat. If tip leakage still occurs after 
cleaning the seat and valve, the seat is damaged and 
must be either serviced or replaced. This damage may 
be due to the dirt or metal particles acting on the seat. 

2. Repair. Parts should always be handled with 
extreme care when cleaning the valve assembly. 
Should tip leakage still occur after cleaning, it will be 



necessary to reseat the needle valve by lapping the 
valve and its seat. This tip leakage can be detected by 
installing the spray valve on a fuel test stand and ob- 
serving the fuel spray. A fine grinding compound must 
be used for the lapping procedure. The ordinary case of 
leakage can usually be corrected by lapping the tip 
two or three times. 

If this does not stop the leakage, it will be necessary 
to install a new tip to replace the damaged seat. 

In installing the new tip, the joint between the 
valve body and the spray tip must be lapped in order 
to form a perfect seal. It will then be necessary to lap 
the new tip to the needle valve as mentioned above. 

d. possible trouble: 
worn spray valve packing 

This trouble becomes evident when fuel leakage 
occurs past the packing nut. This is an indication 
that leakage is occurring between the needle and 
its body. 

1. Causes and prevention. Worn spray valve packing 
is caused by : 

(a) Excessive wear. 

(b) Improper tightening procedure. 

(a) Excessive wear. Metallic packing wears after 
many hours of use and must be replaced when that 
wear becomes excessive. 

(b) Improper tightening procedure. The packing nut 
can be overtightened to such an extent that the needle 
may stick open. This is in addition to the damage that 
will be caused to the packing. The packing nut must 
not be overtightened. If leakage still occurs after the 
nut has been tightened, it will be necessary to replace 
the packing. 

2. Repair. Before replacing packing, the spray 
valve must be disassembled completely in order that 
all parts may be thoroughly cleaned. Graphite 
metallic packing of the metallic core type must be 
used, if available. If the metallic core is not available, 
plain graphite asbestos packing may be used. Only 
soft packing must be used. Stranded packing must not 
be used as the strands of metal in the packing will cut 
the needle. 

e. possible trouble: 
improper functioning of pressure 

REGULATING valve 

If the pressure regulating valve is functioning im- 
properly, a constant fuel pressure reading cannot be 
maintained and the engine will drop off in power. A 
low or zero pressure reading will be obtained if there 
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spring in the valve block. As the plunger is returned 
upward by the force of the plunger spring, a vacuum is 
created which exists within the barrel until the inlet 
ports are uncovered and the fuel oil forced in. The 
pressure of the discharged oil forces the regulator 
plunger, the push rod, and the rack upward against 
the pressure of the regulator spring. The position of 
the rack depends entirely upon the operating pressure. 

The amount of fuel oil that enters the barrel at each 
stroke is limited to the amount required to maintain 
the operating pressure. The exact amount of fuel is 
controlled by a pair of sleeves, one operating inside 
the other. The outer sleeve is attached to a linkage 
from the engine control shaft, and the inner sleeve is 
attached to a pinion gear that meshes with the regu- 
lator rack. In some models, the function of the inner 
and outer sleeves is interchanged. Ports in both 
sleeves permit the oil to flow. The inner sleeve is 
notched for measuring or metering small quantities of 
fuel oil. The amount of oil admitted at each stroke is 
dependent upon the existing fuel pressure in the ac- 
cumulator. The pressure acts on the regulator plunger 
to move the regulator rack, and hence the inner sleeve. 
When the pressure becomes too great, the rack will 
rotate the inner sleeve, causing the inner port and the 
outer port to coincide less and less. This restricts the 
flow of fuel to the pump plungers on their suction 
stroke, and therefore regulates the fuel oil pressure in 
the accumulator. 



a. possible trouble: 
pump fails to operate properly 

Failure of the pump to operate properly may be 
evidenced by loss of power, smoky exhaust, over- 
heating, and diesel fuel knock. These are only the 
first symptoms of improper pump operation. Con- 
tinued operation will result in excessive carbon de- 
posits, poor economy, and finally, in complete engine 
failure. 

1. Causes and prevention. Improper pump operation 
can be due either to lack of maintenance, or to partial 
failure. The more common causes are: 

(a) Scored regulator sleeves. 

(b) Scored plungers and barrels. 

(c) Leaking discharge valve. 

(d) Leaking relief valve. 

(e) Regulator plunger sticking. 

(f) Improper regulation or assembly. 

(a) Scored regulator sleeves. The regulator sleeves 
arc required to shut off the flow of fuel to the pump 
plungers. The surfaces of the sleeves are accurately 
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finished, and fit closely with each other. The inner 
sleeve must be free to rotate within the outer sleeve. 
If it binds, it will prevent the proper regulation of 
the pressure, inasmuch as the regulator plunger will 
have difficulty moving it to open and close the control 
ports. Binding is due either to the formation of resin- 
ous deposits, or to foreign particles carried to the 
sleeve by the fuel oil or through carelessness when 
assembling. The particles tend to cause the inner 
sleeve to jam, and also to erode the ports, causing ex- 
cessive fuel to pass when it should be limited in 
flow. Water, if present in the fuel oil, will produce 
the same severe results. The fuel system is equipped 
with metal edge fuel strainers, and with fuel filters. 
The function of these is to trap and to hold all foreign 
particles of dirt, dust, metal, etc., that are in the fuel 
when it reaches the engine. The units will also re- 
move small amounts of water. Every precaution must 
be taken to eliminate these harmful elements from the 
fuel. All fuel strainers and filters must be inspected 
and cleaned as recommended in the instruction manual. 
All fuel having any water content must be centrifuged 
before being admitted to the day tank and to the fuel 
strainers and filters. 

(b) Scored plungers and barrels. The same factors 
that cause the control sleeves to become stuck and 
scored will also affect the plungers and barrels. The 
plungers and barrels are lapped together with only a 
minimum of clearance, and water, dirt, and other 
foreign matter have disastrous results on the lapped 
surfaces. Foreign particles may cause the plunger to 
jam, but usually will result only in excessive wear 
and leakage. 

(c) Leaking discharge valve. A leaking discharge 
valve will prevent the accumulator from holding the 
fuel delivered to it from the pump. If the valve leaks, 
it will allow the high-pressure fuel to flow backward 
when the pump plungers are on their suction stroke. 
This, depending on its severity, often totally prevents 
the pump from building up the required pressure in 
the accumulator bottle, which is usually about 5000 
psi. The discharge valve leakage may be caused by a 
scored or pitted valve and seat, broken spring, or a 
foreign particle lodged between the valve face and 
seat. 

(d) Leaking relief valve. The system is equipped 
with a relief valve that is used only as a safety device 
to relieve the fuel pressure when it reaches a prede- 
termined value. Under normal operation, the relief 
valve remains closed. Should the valve become fouled 
with resinous deposits from the fuel oil, or should 
the valve and seat become scored, the high-pressure 
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fuel will be bypassed, thus preventing the pressure The discbarge -valve and .scat are ma tched units, and 
from being budt up within the aariinularpc. are so marked. Like the plungers and barrels, the 

(c) ZwUtor plunder rt H the regulator plunger . *'-*»<^ -v^'^U^ 
or. the regulator rack, becomes ^rv»ck; proper pfe$$ure 
regu I a uor< of the high- pressure fosi within Uic'-acaim* 
uJatot Will fee prevented. Binding i 
resinous- stepe&jrrs on the arTceiei 
panicle that become wedged between moving parts. 

(7) tmfroptr rtgvlxthn or. assmbly, Whe^ regulating 

^ssembimg 5 fuei pump, the procedure outlined id 




X Repair When difficult.)- j* experienced with the 
hsgh-pressure fuel putnp, tt must be removed from the 
engine- and mmpkmly dissembled, Ail pam must 
be cleaned in dicsel fuel oil; it the parts -are discolored 
and appear tn hi* Acinous or carbon, deposits on 
ihar.i, they can best be cleaned in. carkiw wd lacquer 
reuioving compound (Fed. Std, Stoci Cat, No; 

!>6) ; After cleaning; the parts are inspected. 




small amount 



*f rouge should be placed on the 
plunger, and then > he plunger should t>e worked within 
the barrel (see Figure 4-44). All part* must be HM 
rhoroughly in dkscj fuel, to remove all traces of the 



rouge. Plungers and bMtth must am fee mrerchanged v 
as they are a selected" fit and ar#;*w fc . it> te^h^ngea We, 
The valves and valve se-jts i^t.'/'^eiaMry relief 
valves must be checked. The nuv be 
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Fig»r* 4-46. Stjwor* loppAi* r»/f«f vo/r* j*or 4 

The regulating sleeves must b< checked see that 
they fit each other and die housing proper jy. They 

appreciable leakage If the skives are worn, it will be 
necessary to repine the h<mn\g and both sleeves. 

The remaining parr* muse checked for cracks, 
dirt Hid damaged threads. When reassembling, the 
instruction .manual must be followed carefully, 

4j9, the neevroufotef bottler. The function of the 
accumulator bottle is xa aid kt'majcvraimng.a omsUny 
fuel pressure by ofeing a brge volume of fuel at high 
pressure The pressure has a tendency to vary due to 
the inrcrnmterir tuel discharge and the p'u 





B. Control OmH coupling Fuel injecjor housing rA imoroDef 
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nozzles is stopped immedmeh . The fuel iiuc pressure fcul to allow the waives- m sc4t when the cam kx&t 
is rheo reduced m eliminate a secondary in jea.cn due ck&c- i$ on the base circle of the a*m. The usual cause 
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stem cmnor be seen through the sight g to in rite sjdc All par ts should .be cleaned indtesci fuel, if gummy 
of the injector and dJscolorot. u uwv be necessary to ^carbon and 

W hen leakage isdueta Faulty ^aJsxs or vuive scats, lacque^^^ 



valve scats, lacquer d^ivi^ t^nvpourid (Fed, Std; Stock Car. No/ 




wirh /citeign fyrtides, the action of the, stem will be If roirtor parting has rake* place-* K can usuauy « rc- 

auggirfv, and in emein* ca$e$ will prevent, the valves moved Kv tapping on a f*pp>o£ plate with a fine lap- 

from closing This allows excess .fuel to be admitted pt rig compound The lower va) ve scat must be lapped 

to the 0 hmL-f . since the fuel cannot escape ' .'through with the valve stem in posrt ion (sec Figure 4-49). 
the hole w th? valve stem 
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arc: smoky .cxh-anst,; high or low c<jmbusiu.,n pressures" parts should be ringed thoroughly in fuel oil to remove 
or exhaust tempera turcs for one or mote of the cy\- M the rouge. The valve item is checked for excess 
indent; fuel knock ; or loss of power. wear by placing one fin— - ™, ,nd nf rW uWr 



inders; fuel knock; or loss of power. wear by placing one finger fiver one end of the lower 

2. Rtpjir. When engine operation becomes erratic, valve sear, another over the hole ip the valve stem, 




wear, arid to determine that the pu^h rod mov 
The miecror blocks rnust he disassembled as 





K, LOW-PRESSURE LINES 

4K1, General dtocripffon. Pad lines used to bring 
the fuel from the rmks through the fad .manifold add 
to the fuel injecttod pumps axe a]]law-pre$$iire lines: 
Tfiese lines, must U nuvaamed in good condition if 
they are to give &*u*factoty &rvitt ^ ^ • 

submarines, be equipped with steel furf'IincsV SuV 
itiarines are permitted to use t 




to p*pc 



1, (W Mrf pmmm. (a) F*ft$w. Such break- 
ages-arc caused by the /inability of the nipples and 
V p.pe joints to withstand shock, vibration, and the 

stnaltef pipe* and the equipineiit to which they arc 
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p.?] co the low rigidity of brass and coppery the ma ten At 

of replacement nippies should be stoel, njonei, or 
Cu-Ni T 4 " 't™ «-—*■ „«4 .-k* 
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It is best to place fuel lines as far one of the way as 
possible. This docs not mean, however, that they 
should be placed in inaccessible pUces v as the : opposite 
is highly desirable. But they must not be placed where 
they will be walked upon, lacked, or struck frequently . 



Higii-ptessure Hoes are far more important: than 
they at tirst appear, for I iocs in improper coadmon are 



2. Repair. It is not enough just to replace the broken 
P*pc joint. It is also most important to take tt^.co. 
prevent rhc recurrence of the breakage. Wlwrre Irreak- 




The dfect of iiifTerenr lengths of tine is important. 
Varying the length of the Hoes makes i? possible to 
change the injection characteristics. An taction 
pump and nozzle will have a different injection delay 

; Gencr41y,^t 0 otalwa^aninci^ialiiicl«gA 

. , rt . will mcrcajc the injection delay. Sometimes it is found 

shoulo be adopted. ^ jf>acasiog thc Hnc Icngth dccreases ^ J^on 

delay. The magnitude of injection delay is highly 
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Satisfactory repair, in cases of emergency, can usu- 
ally be made by soldering a new fitting to the line. 
Silver solder must be used, and great care must be 
taken to insure that the center of the fitting and the 
center of the line are properly located. Extreme care 
must also be taken to prevent the solder from clogging 
the line, as capillary action, tending to draw in the 
solder, is likely to produce such clogging. After repair, 
the line should be tested for lealcs and to make sure 
that the line is open. The silver soldering of new fittings 
on the line is to be done only in cases of extreme emergency. 

Section 4. Filters and Strainers 
M. FILTERS 

4M1 . General description. Fuel filters, in the 
Navy, arc replaceable absorbent cartridge devices em- 
ployed to remove harmful particles from the fuel. 
Cartridges are constructed either of cotton yarn, cot- 
ton waste, paper disks, wood pulp, or some combina- 
tion of those materials. Fuel filters are extremely im- 
portant in preventing destruction of critical and ex- 
pensive injection equipment caused by abrasive par- 
ticles in fuel. 

Filters and strainers built into injection pump or 
nozzle housings are discussed under the pump or 
nozzle concerned. 



a. possible trouble: 
filter clogged before 500 hours* operation 

In certaininstances, filters will become clogged prior 
to 500 hours of operation. 

This condition docs not indicate malfunction of the 
filter. On the contrary, a filter that is clogged is one 
that has performed its function well. This condition 
may be evidenced by stoppage of fuel flow, increase in 
pressure drop across the filter, increase in pressure up- 
stream of the filter, or by excessive collection of dirt on 
the element, observed when the filter is dismantled for 
inspection. 

Definite rules for changing filter elements cannot be 
established for all engines. The 500-hour rule is only 
for average conditions, and will not apply when 
unusually dirty fuel with solid content above .005 
percent is extensively used. 

It must be remembered that the symptoms of clogged 
filters will vary in different installations. Each instal- 
lation should be studied, and the probable external 
symptoms anticipated. Among these symptoms will 
be instrument indications, engine operation, etc. If it 
appears that no external indication will be apparent, 
then the elements must be inspected visually whenever 
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there is any reason to suspect that dirty fuel has been 
taken aboard. 

1. Causes and prevention. Filters may become clogged 
before they have been in operation for 500 hours 
because of: 

(a) Use of unusually dirty fuel. 

(b) Filter capacity too small. 

(c) Failure to drain filter sump. 

(d) Failure to use primary strainer. 

(a) Use of unusually dirty fuel. If dirty fuel is taken 
aboard it will clog the filters in a short time. Care is 
necessary to insure that hoses, fittings, and other gear 
employed during fueling are absolutely clean. Many 
fuel supply ships and depots are equipped to filter fuel 
as it is being delivered. This will eliminate consider- 
able dirt, and this procedure should be used in fueling 
whenever possible. Tanks should be inspected for ac- 
cumulations of sludge and water before refueling, and 
cleaned as prescribed on page 97, if necessary. Fuel 
should be centrifuged before use if facilities are avail- 
able. If facilities are not available for centrifuging the 
fuel, settling tanks should be used and water bottoms 
drained regularly. 

(b) Filter capacity too small. A small filter will clog up 
more rapidly than a large one because it does not have 
so much space available for accumulation of dirt. 

The Bureau of Ships has now standardized on two 
fuel filter element sizes, for use on all engines con- 
structed in the future. The large size, designated as 
Navy Standard, is about 3 inches in diameter by 
8 inches in length. The small size, designated Navy 
Standard {smalt), is also 3 inches in diameter, but the 
length is 4 inches. Construction is such that two 
Small elements can be stacked for use as one Standard 
element. One Small element has a capacity of 25 gal- 
lons per hour; the Standard, a capacity of 50 gallons 
per hour. 

Filter capacity should at least equal fuel supply 
pump capacity. 

(c) Failure to drain filter sump. Most Navy filter cases 
are equipped with drain cocks at the bottom of the 
case, for the purpose of removing accumulations of 
sludge and water from the sump. If water is allowed 
to accumulate, it may carry over with fuel and cause 
damage to injection equipment. Removal of dirt 
through the drain cock will make room for more dirt 
in the filter. 

When the filter is on the discharge side of the fuel 
supply pump, as is the usual case, the sump should be 
drained, while the engine is operating, by quickly 
opening the drain cock wide until all sludge and water 
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$ immersed in cte>u? tipna>crpsive 
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This procedure is not to be used except fa fctscs of pressure to flow through even a pin hole m the piping 
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gaskets should be checked. If copper tu hi ng is used, it 
should be- checked carefully for cracks which may 
have hecrt. caused by coiisunt vjbratioa. filter* located 
in tfiewvcxw i inc. must be uupe^ccd carefully for leak * 
ogc. The sua mo (me m usr.be kept in good .condufptf 
to ^Vi>iJ tfouWc of tht^Tcnd 

(>) Eji&tit rphs out nj fi*H When the engine is al- 
lowed rqj run our of fuel, the level in the day lank ftlis' 
below the end ot the suuian piping This allows air 
instead of fuel to be dtuwa into the suction line This 
be pumped into the filters, and thetfee to 
ressuie fuel pumps. At this point the?. -engine 
to stall. 

When ir is desired to resume operation after tilling 




fuel . pomps and hoes. Expansion and compression of ( c ; } i, ak m trailer Pump. A leak in rhe pump shaft 
this air may occur widrout the opening of rhe nneo "packing, Or 



wob valve m maw snm When ih is condition. i>e- 



c.vut, the pun T >..umy ^ -us* ,^..«f#*f> K.ecMtrencc n tms crouDie rr 

The presence of air in the iiher may ht verified bv niaimainnjg die. pump in good 
• bleeding a small amount of fuel from the mp of the 37 42V 
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past faulty pump gaskets, may allow air 
to be drawn directly into the fuel transfer pump. 
Recntrence of this trouble may be prevented by 

condition ("see pages 




bnbbics of iii cnrrarM in rhHue. and che ™ steps take, | H| air 

I. Cms* and prtvmtmi. Air may enter the (liter by from entering the system again, 
a. number of means ft should be remembered chat in Several methods of priming the fad syst^ife* Or 
order for air from the atmosphere to enter a fuel line, purging it 0/ all , may bt used, if the filter is prac- 
tise pressure wit hin that fuel UflS must be below at- deafly filled with air., it wii) usually be advisable, -4% a 
mqspheDcr, pressuxe. Consequently, the most logical time sa-vet, to remove the filling plugs from the top of 
•pUce to anticipate carry of air into the fuel system is 
on rhe suction side of the fuel transfer pump .Its mc 
■insuliauoa*;. the pressure wif bin thr sucuon line 
below armosphetic pressure. priming pump. 

The most usual causes of entry of air 'wo the fuel When only a small amount of air i$ trapped in the 

hirer are; fuel system u may be possible to remove it by one of 

• t» Xc*k Jn tooufcr pump suction piping. the following mecbods; 

(e) Leak in 
(a) il«v»4 /rfeajj 
pressure v.-iihin the 
pheric pressure, airjo 
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(fc) Most installations have a hand operated transfer 
pump to facilitate priming; The txacc proce 1 
priming a system by use of this pump varies 
deciding on the construction of the system. Gener- 
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illy, however, the procedure is to remove the ait p*o- c * ntou&Lfc; 

grcssivdv ftwn sil pares <»f the $\>$tem> suning wv:h . lea ky tilt^r. -gASS- 

chc s^o, U*e ,rf-thc .r.ns/er pump, .nd p t ^n g Th , s trouWe isqu ~ 

tottK tD^ w.H • ^ pirn, or flowing of fud from che fud ftlrcr case, LT n k$s. 

Take . : th* - ^yum. ulustmsd to Bgyrt 4-55 an * t . 3 ., . . 

, • v the leak is severe, engine opemuott n not melted 

example; ( , , t , . r . . * 

~. . * * j » i however r s^xj leakage must be eiujomat cd 




closed ar point 1 



cloudy, fuei is issuing from the line. The line is then 1, frtwntton. In .ntost Ca$e^ k is difficult 

to determine the cause of leakage-, However, some 




h then opened at. point 3 and the pump; 
operated until aiWrec fuel issues from the line If.thfc' 



(c) Overs tressmg of 

(d) Overtightening of the screw fastenings, 
'ft I iter ot.sWin^f' i$ almost compiexety tilled with air, it (a) -Poor "condition of thi ^tska Practically a H fuel 
will usually .sav*... rime and labor to fiil the Ivltcr or. til ters havt gaskets; usual \y cork, between at) joints in 
strainer by pouring fuel in through ihe rilling plugs in thz case.. When the filter is dismantled for renewal of 

" the dement; . these gasket s must he ins peered carefully 



th$ top, The tine is then dosed at point } 




transfer pump; hack to the (ml supply tank, and to aid assembling the fi\ ia r can: mast be taken to insure that 

in the constant removal of small amounts of air in the the gasket b properly positioned, 

fuel. The hand pump is operated until the pump hous- '(b) Com s ion of the cm* Corrosion may be the result 

i«5 is cleared of. air In sma!) high-speed engines, this of . failure, to drain the him sump- Accumulation of 

may be ilj the priming necessary^ Since rhc priming fit, water ar that point facilitates corrosion, When corro- 
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Tim croubleisciujiJv rccogmzcd us the sh.i/r, blades, 
or the handle employed to aw n the scrapmg mechan- 
ism is broken. , and k )_$ impossible to rotate the scraper 
element When this occurs, »c is intpossihle to clean the 
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• filter readies jrs capacity, it allows , the warn- to pass 
through with the fuel oil 
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waste fuel which is an important item and must be 
conserved. 

1. Causes and prevention. There are two principal 
causes of tank leakage: 

(a) Improper weld. 

(b) Fatigue. 

(a) Improper weld. Quite often, the underlying cause 
of a fuel tank leak will be a substandard weld at one of 
the joints. Proper welding technique must be em- 
ployed to prepare standard welds. 

(b) Fatigue. Improper support will cause excessive 
stresses in the tank, resulting in cracks. All tanks must 
be supported properly. 

2. Repair. Although leaks are hard to foresee, it is 
important that a leaking tank be repaired at the ear- 
liest opportunity, to prevent the crack from spreading. 
Tanks are repaired by welding and preparation for 
welding is important. Before any welding can be 
undertaken, the following precautionary measures, 
from the Bureau of Ships Manual, must be observed. 
These precautions arc for the protection of the repair- 
man and the crew, and must be complied with. 

Chapter 55, paragraph 31 (k), of the manual follows : 

(k) Whenever a fuel-oil tank is to be entered, or whenever any 
work is to be done in it requiring heated rivets, hammering, etc., or 
any lights other than portable electric (electric lights shall be fitted 
with gas-tight globes and heavy wire guards and shall be tested for 
complete insulation before use), or whenever such work is done in 
the vicinity of open tanks, or pipes, all such tanks and all pipes lead- 
ing to or from such tanks shall be cleared of vapor, after the fuel oil 
has been removed, by flooding with water, followed by blowing 
through with air for at least 12 hours by means of a portable blower, 
or by blowing through with live steam. In using live steam, due 
regard must be given to the liability of overheating adjacent com- 
partments, such as magazines, storerooms, etc. After blowing 
through with live steam, all manhole plates of the tanks shall be 
removed, and the tanks ventilated by means of a portable blower for 
at least two hours. No person or persons shall enter a fuel-oil tank 
for any purpose without obtaining permission, each time, from the 
commanding officer, who shall assure himself that the tanks are safe 
to enter, and then anyone so entering such tank shall have a life line 
around his body, properly tended, in order that he may be hauled out 
if overcome by gas. Fuel-oil tanks shall be continuously ventilated 
by means of a portable blower during the time that work is being 
done in them. 

B. POSSIBLE trouble: 
CORROSION OF TANK INTERIORS 

When fuel tanks are not filled with sea water for 
ballast, the rate of corrosion should be slow and offer 
no particular difficulty, as the fuel oil itself tends to seal 



the surface, thus preventing oxidation and corrosion. 

When fuel tanks are also used for sea-water ballast 
space, the rate of corrosion will increase and the ex- 
pected life of the tank will be considerably less. This 
type of tank must always be kept filled. By keeping 
the tank full, the free surface is eliminated, adding 
greatly to the stability of the ship, and eliminating the 
air which supports rusting. 

1. Causes and prevention. 

(a) Presence of oxygen. Causes of rust are obvious 
when the dicsel fuel tanks are used for sea-water bal- 
last tanks, and the relatively small amount of rust in 
the other type is not objectionable. 

Prevention of rust, however, is a difficult problem. 
No type of paint yet developed is serviceable as a pro- 
tective coating. The diesel fuel will attack any known 
material which can be applied. A diesel fuel tank must 
never be galvanized despite the fact that the zinc coat- 
ing will reduce the rust in the tank itself. 

2. Repair. When tanks have corroded to the extent 
that they leak, it is highly improbable that satisfac- 
tory repair can be made by welding or patching. When 
corrosion has developed to such an extent in one spot, 
there are generally many other spots in the tank on the 
verge of rusting through. The only sure method of 
repair is to replace the tank. 



c. possible trouble: 

SUCTION AND VENT LINES RUSTING THROUGH 

Some trouble has been experienced with rusting 
through of suction and vent lines. 

The suction line failure will prevent oil from being 
drawn from the tank, and allow air to be admitted to 
the system. 

1. Causes and prevention. 

(a) Presence of moisture. The rusting is caused by 
moisture present in the upper spaces of the tank. When 
replacing the suction and vent lines it is important to 
make certain that they are not replaced with galvanized 
piping. 

2. Repair. Repair should be made by replacing all 
the suction or vent lines with steel piping. 
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CHAPTER 5 
SPEED CONTROL SYSTEM 



A. MECHANICAL GOVERNORS 

5 A1 . Introduction. The speed control system con- 
sists of those engine parts designed to maintain the 
engine speed at some exact value or between desired 
limits, regardless of changes in the load on the engine. 
Diesel engines perform most efficiently when speed 
variations in service are small. Constant variation of 
engine speed tends to accelerate engine wear and results 
in reduced efficiency. 

Propulsion engines ordinarily do not experience 
much change in loads when the throttle setting is un- 
changed. Governors are provided, however, to control 
the speed of the engine before it is coupled to the pro- 
peller, and to prevent overspeeding in rough seas when 




the load might be suddenly reduced by the screw leav- 
ing the water. 

In electrical applications it is frequently necessary 
to control engine speed with great accuracy in order to 
maintain constant frequency, or to distribute the load 
between two engines in parallel. Hydraulic governors 
arc generally employed when such accuracy is required. 

Governors maintain idling speeds sufficiently high 
to prevent stalling and the consequent hazard of a 
dead engine in an emergency. 

Most governors and all overspeed trips arc designed 
to prevent engine speeds from increasing to such a 
point that inertia forces pull the engine apart. 

5A2. General description. Mechanical governors 
in use in the Navy are generally the spring loaded fly- 
ball type. The centrifugal force produced by rotation 
of the flyballs is transmitted by suitable linkage to the 




governor mtchanisms. 
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hollow blower shaft. This will tend to cushion shock 
loads to which the splines are subjected. 

(3) Placing operating yoke (forked lever) between 
thrust washer and balls of thrust bearing. This will 
quickly ruin the thrust bearing, and may cause the 
shaft to bind and place undue stress on splines. This 
precaution is emphasized in the instruction manual. 
The reassembly instruction in the manual must be 
followed. 

(b) Poor condition of the shaft bearing. Freezing of the 
shaft bearing imposes high loads on the splines and 
may cause them to fracture. Any poor condition of the 
bearing that increases the friction also increases the 
load on the splines. Trouble can be prevented by 
careful inspection of the shaft bearing prior to assem- 
bly. It must be made certain that the bearing is per- 
fectly clean before assembly. Refer to Chapter 16 for 
hints on ball bearing inspection. 

2. Repair. The governor drive shaft should be re- 
newed, and all other governor parts inspected for 
burring, scoring, bending, or breakage. It may also be 
necessary to renew the hollow blower shaft if the 
internal splines are damaged. In renewing shafts, 
effort should be made to select two that fit well. The 
condition of the spline should be inspected with great 
care; shafts with dented, worn, or otherwise distorted 
splines should be replaced to prevent failure in service. 



b. possible trouble: 
broken high- or low-speed springs 

This trouble is recognized by a sudden drop in en- 
gine speed, usually resulting in stoppage of the engine. 
Since the spring force acts to increase the fuel input, it 
is easy to understand why the engine speed drops when 
the speeder spring breaks. 

1. Causes and prevention. Spring breakage is due to: 

(a) Failure to inspect the springs carefully. 

(b) Nicking or scratching springs. 

(a) Failure to inspect the springs carefully. Whenever 
the opportunity presents itself, springs must be care- 
fully inspected for nicks, checks, scratches, cracks, or 
distortion. Any spring showing such imperfections 
must be replaced with a new one. Even the most insig- 
nificant nick can cause failure. 

(b) Nicking or scratching springs. Springs should be 
handled with reasonable care to avoid nicking or 
scratching when the governor is disassembled. Careful 
inspection will prevent installation of defective 
springs when the governor is reassembled. 

2. Repair. The defective spring should be replaced, 



and adjustment made of the idling speed, maximum 
speed, and gap clearance. 

c. possible trouble: 

EXCESSIVE WEAR OF GOVERNOR PARTS 
OR EXTERNAL LINKAGE 

This trouble may be indicated by faulty speed con- 
trol. Hunting is frequently caused by looseness of the 
internal or external governor linkage. It should be 
remembered that the theory of governing is based on 
the premise that every change in position of the fly- 
balls will cause a corresponding change in the fuel 
quantity control mechanism. If linkages are loose, it 
may be possible for the flyballs to change their posi- 
tion without effecting a change in the fuel quantity. 

1. Causes and prevention. The most frequent causes of 
excessive wear of these parts arc : 

(a) Failure to keep the parts clean. 

(b) Failure to insure lubrication of the parts. 

(a) Failure to keep the parts clean. Accumulations of 
dirt between, or in the vicinity of, contacting surfaces 
of the governor internal or external linkage will cause 
a lapping action and will result in greatly accelerated 
wear. To prevent this action, all parts must be cleaned 
thoroughly at periodic intervals. This applies particu- 
larly to control shaft bearings. 

(b) Failure to insure lubrication of the parts. The lower 
portion of the governor is lubricated by splash from a 
slinger on the lower rotor shaft. The oil level at this 
end of the blower must be sufficient to allow oil to be 
splashed onto the governor parts. Make certain that 
the two holes, at each end of the blower housing, which 
allow oil to come from the camshaft pockets in the 
engine head to the blower, are clean and clear. The oil 
slinger should also be checked for its condition. 

The upper portion of the governor is lubricated 
partly by oil from the lower portion, and partly by oil 
from the cylinder head control link passage. 

The external linkage is lubricated by oil within the 
cylinder head cover. It is advisable to pour some oil 
over the bearings at the ends of the control tube when- 
ever the cylinder head cover is removed from the 
engine. 

2. Repair. All worn parts must be replaced if the 
governor is to function properly. Great care should be 
taken to insure cleanliness when replacing parts. 

d. possible trouble: 
binding in governor or linkage 

This trouble is recognized by hunting of the engine, 
or may be revealed in inspection prior to starting the 



Digitized by GOOQle 0Mginal fr ° m 

' w 3 UNIVERSITY OF MICHIGAN 



mWWi 



NE MAINTENANCE TRAINING MANUAL— U. S. NAVY 

- 




SPEED CONTROL SYSTEM 



good cylinders, but rather to place the faulty cylinders 
back in operation. 

f. possible trouble: 

high-speed spring tension adjustment improper 

This trouble is reflected by engine speeds lower or 
higher than rated speed at full throttle. However, 
inability to reach rated speed, sometimes referred to as 
loss of power, is quite frequently caused by malfunction 
of engine parts other than the governor. 

1 . Cause and prevention. Improper high-speed spring 
adjustment is generally due to ignorance of adjust- 
ment procedure. It is extremely important for the 
operator not to increase high-speed spring tension 
immediately by adding shims when it appears that the 
engine will not reach rated speed at full throttle. If 
this is done, it is quite possible that the trouble caus- 
ing the loss in speed, which might be faulty engine 
parts, may be remedied at some time after the governor 
adjustment is made. As the maximum speed has been 
raised by adding shims, the engine may then reach 
dangerously high speeds. A check should always be 
made for trouble from other sources before adding 
shims behind the high-speed spring. In rare cases, it 
will be necessary to alter the spring tension adjust- 
ment when the engine will not reach rated speed. 
When the engine speed is too high at full throttle, and 
there is no sign of breakage in the governor, it is likely 
that there is too much tension on the high-speed spring. 

2. Repair. The high-speed spring tension must be 
adjusted as directed in the instruction manual. If 
engine speed is too high, shims should be removed 
from behind the high-speed spring. If it has been 
ascertained that insufficient engine speed is caused by 
improper governor high-speed adjustment, it will be 
necessary to add shims behind the high-speed spring. 
In performing the latter operation, too many shims 
must not be placed behind the spring. 

g. possible trouble: 
improper gap clearance 

This trouble is recognized by so-called flat spots in 
the curve that may be plotted of governed speed versus 
governor lever travel. This means simply that at a certain 
speed, as indicated on the tachometer, a change in the 
position of the throttle will not result in a noticeable 
change in engine speed. The speed at which the flat 
spot occurs may indicate whether the gap clearance is 
too great, or insufficient. 

1. Cause and prevention. Improper adjustment of gap 
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clearance is due to ignorance of adjustment procedure. 
Gap clearance should not require frequent adjustment 
unless the governor is disassembled frequently. Unless 
the procedure set forth in the instruction manual is 
followed exactly, it will be difficult to make proper 
adjustment. 

2. Repair. The gap clearance adjustment is made as 
specified in the manual. Care must be taken not to 
overspeed the engine if the adjustment is made while 
the engine is running. If a flat spot occurs. at about 
1200 rpm, it is likely that the gap clearance is too 
wide. If a flat spot occurs at about 800 rpm, it is likely 
that the gap clearance is too narrow. 



h. possible trouble: 
buffer screw adjustment improper 

This trouble is reflected by a rolling variation in en- 
gine speed when idling. The buffer spring has the 
function of dampening oscillations of the differential 
lever. It is necessary that the buffer spring screw be 
screwed in sufficiently to dampen the roll without 
adversely affecting the governor operation. 

1. Cause and prevention. Improper adjustment of 
buffer screw is due to ignorance of adjustment proce- 
dure. The procedure for buffer spring adjustment is 
covered fully in the instruction manual. Whenever 
idling speed is adjusted, it will be necessary to readjust 
the buffer screw. 

2. Repair. In performing the adjustment it must be 
remembered that the buffer screw is to be screwed in 
only far enough to prevent rolling. If the buffer screw 
is screwed in too far, it may be impossible to shut 
down the engine. 

5A4. Pierce mechanical governor. This governor 
is of the spring loaded centrifugal type. The centri- 
fugal force produced by rotation of the flyweights acts 
in such a direction as to reduce the amount of fuel sup- 
plied to the engine. This force is opposed by the 
speeder spring, generally located outside the flyweight 
housing. The force exerted by the speeder spring acts 
in a direction to increase the amount of fuel going to 
the engine. 

Like all mechanical governors, this governor has speed 
droop. However, unlike many mechanical governors, 
the amount of speed droop of this governor may be 
adjusted. This feature allows the governor to be used 
for parallel generator operation. The construction of 
this governor is simple, and adjustments are readily 
made. 
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only. If new flyballs arc installed, the proper size 
must be used. Generally, aboard ship it will be found 
most expedient to replace the entire governor when- 
ever such extensive repairs are necessary. The dam- 
aged governor should be taken to a repair ship or base 
for reconditioning. 

b. possible trouble: 
worn shaft bearings 

This trouble is recognized by inspection of the bear- 
ings upon disassembly of the governor, by excessive 
friction when the governor shaft is rotated by hand, or 
by erratic speed of the engine at constant throttle 
setting. Continued operation of the governor with 
scored or otherwise worn ball bearings may lead to 
stripped drive gears, scored shaft, or scored thrust 
sleeve. Wear of the upper bearing may also lead to 
excessive wear in the weight pins connecting the fly- 
weights to the spider. 

1. Causes and prevention. Wear of shaft bearings is 
due to : 

(a) Failure to clean the governor frequently. 

(b) Insufficient lubrication. 

(a) Failure to clean the governor frequently. Dirt is the 
prime enemy of governors. Proper performance of the 
governor is impossible if dirt is present. Whenever 
possible, the governor should be cleaned thoroughly 
in carbon tetrachloride or other clean noncorrosive 
solvents. A governor should never be assembled unless 
it is certain that all parts, particularly the bearings, 
are absolutely clean. Bearings should be inspected 
carefully during each disassembly for wear. This is 
done most readily by comparing the bearing with a 
new one. The balls and races should be inspected for 
signs of pitting or scoring, and replacement made im- 
mediately of any bearing exhibiting such signs, in 
order to avoid more serious consequences. 

(b) Insufficient lubrication. Most Pierce governors in 
use by the Navy today have lubricating oil lines or 
passages to conduct oil to parts requiring lubrication. 
It is important that these lines and passages be main- 
tained in a clean and clear condition. A check for 
clogging or restriction should be made whenever the 
governor is disassembled. The use of clean lubricating 
oil at all times will reduce the tendency of passages 
to clog. 

2. Repair. Worn bearings may be replaced if facilities 
arc available for doing so. If not, it will be most 
expedient to install a replacement governor and have 
the damaged governor reconditioned by a base or ship 
having the proper facilities for such work. 



c. possible trouble: 

WORN THRUST SLEEVE FACE 

After prolonged usage of the governor, wear may be 
evident on that face of the thrust sleeve in contact 
with the flyweight tips. Sluggishness or rough opera- 
tion of the governor may indicate scoring of the thrust 
sleeve face. 

1. Cause and prevention. Scoring of thrust sleeve 
face may be due to the poor condition of the upper 
shaft bearing. This condition results in a tendency of 
the thrust sleeve to fail to rotate with the spider. This 
will cause relative motion between the flyweight tips 
and the thrust sleeve face, with consequent wear of 
the face and additional stress in the spider. The bear- 
ings must be kept in proper condition by frequent 
cleaning and inspection. 

2. Repair. As the thrust sleeve may be replaced 
without special tools, it may be possible to make this 
replacement aboard ship. When making this replace- 
ment, it is necessary to make an inspection of the fly- 
weight tips or noses that bear on the thrust sleeve face. 
These noses should be smooth with a ground radius. 
If undue wear has occurred on the noses, it will be 
necessary to replace the flyweights with another pair 
of the same weight and dimensions. 

d. possible trouble: 
improper adjustment of pump control 

ROD POSITIONING SCREW (d, FIGURE 5~4) 

This trouble may be recognized by checking the 
governor and fuel pump immediately after placing the 
governor in position on the engine. If it is found that 
when the governor lever G is moved through its arc 
and allowed to come to rest, the fuel pump control rod 
is not so positioned that the pump will discharge the 
maximum amount of fuel, it will be necessary to ad- 
just screw D. 

1. Cause and prevention. Improper adjustment is 
usually the result of ignorance of adjustment proce- 
dure. Adjustment of screw D may be necessary when- 
ever the governor is removed from the engine, or when 
new parts or assemblies are installed in the governor 
or fuel pump. The adjustment should be made in ac- 
cordance with the repair procedure outlined below. 

2. Repair. Adjustment of the positioning screw D is 
the first adjustment that is made on this governor. It is 
made as follows: 

(a) The governor is installed and the oil line, if any, 
is connected. The governor spring is hooked to the 
throttle control, and the governor lever G is connected 
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to the pump control rod. With some tension on the 
governor spring, and screw D adjusted so that lever 
G is in the middle of the fork (engine not running), the 
pump control rod is adjusted so that it is in the wide 
open position. 

(b) The governor spring is released and the gover- 
nor lever G is worked throughout its stroke. The con- 
trol rod should always return to the wide open posi- 
tion when lever G is moved toward the governor. If 
some slight change of setting is required to accomplish 
this, screw E is released, screw D is adjusted again, 
and screw E is again secured. 

(c) A careful check is made to see that the lever G is 
still near the middle of the fork. Screwing too far in 
on screw D may cause breakage of lever G when the 
load on the engine is suddenly reduced. 

e. possible trouble: 
improper adjustment of speeder spring tension 

This trouble is recognized by an engine speed at full 
load that is either too high or too low. As always, 
before making adjustment on the governor, it should 
be ascertained whether the improper speed is due to 
other engine factors such as missing cylinders, etc. 
Speeder spring tension must be correct if the governed 
engine speed is to be at the proper level. 

1. Cause and prevention. Improper adjustment may 
be due to ignorance of adjustment procedure. It is 
necessary to follow adjustment instructions exactly if 
successful performance is to be attained. The instruc- 
tion manual must always be used to aid in the solution 
of engine problems that arise. 

2. Repair. If the engine speed under full load condi- 
tion and at full throttle setting is too low, and the 
engine is in good condition, it indicates that the 
speeder spring tension is too low. To increase speeder 
spring tension, the knurled nut, A in Figure 5~4, is 
turned down, or clockwise, after first loosening lock- 
nut F on the spring tension adjusting eyebolt. The 
locknut is then run up tight against the eye of the 
adjusting screw B. This adjustment is repeated until 
the desired speed at full load is attained. It should 
be remembered that changes in settings of other ad- 
justing screws on this governor will affect full load 
governed speed of the engine. For example, a change 
in the speed droop adjustment will change the maxi- 
mum speed of the engine. Consequently, both must 
be adjusted in small increments, returning to full load 
and speed after each small adjustment to recheck 
maximum speed; then the load is removed from the 
engine and the speed droop is determined. For infor- 
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mation on adjustment of speed droop, sec the follow- 
ing possible trouble. 

f. possible trouble: 
improper adjustment of speed droop 

This trouble is recognized by hunting of the engine, 
sluggishness of the governor, that is, inability to cor- 
rect for changes in load quickly, or by observation of 
the speed droop. Speed droop is generally defined in 
terms of percentage. To determine speed droop, the 
throttle is set wide open and full load is applied to the 
engine. The load is gradually reduced to zero with the 
throttle setting unchanged. An accurate tachometer is 
employed in each case to determine engine speed at 
full load and at no load. It will be found that the 
engine speed is lower at full load than at no load. The 
amount by which the two speeds differ is referred to as 
speed droop. Percentage speed droop, usually about 
3 to 4 percent for generator sets, is determined by the 
following formula: 
No load speed — Full load speed 

x 100= % speed droop 

No load speed 

1. Cause and prevention. Improper speed droop ad- 
justment is due to ignorance of adjustment procedures. 
In making the adjustment, care should be taken to fol- 
low the instructions for adjustment. The speed droop 
should always be checked after changing the full 
throttle speed adjustment. 

2. Repair. The speed droop adjustment must be 
made in conjunction with maximum speed adjust- 
ment. Speed droop is changed by changing the effec- 
tive length of adjusting screw B. An increase in the 
length of B between screw A and the rocker lever will 
cause the governor to have more speed droop, and will 
reduce hunting caused by oversensitivity. Shortening 
the effective length of B will cause the governor to 
have less speed droop and will increase its sensitivity. 

It must be kept in mind that a change in speed droop 
adjustment will change the full-load full-throttle 
speed of the engine. If it is desired to set the engine 
full-load full-throttle speed at, for example, 1200 
rpm and the engine no-load full-throttle speed at 
approximately 1240 rpm, the following procedure 
should be employed: 

(a) To decrease speed rise from full load to no load, 
that is, to decrease speed droop, the lever arm B is 
shortened by loosening the right-hand nut C, and 
tightening the left-hand nut C. This adjustment 
should be made by turning the nuts C one turn at a 
time until the proper speed is obtained (see Figure 5-4). 

(b) After each one-turn adjustment, full load is ap- 
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plied and speed restored to 1200 rpm by adjusting the 
knurled nut A. The load is then removed and the no- 
load speed is checked to ascertain if it is sufficiently 
close to 1240 rpm. 

(c) To increase speed rise from full load to no load, 
that is, to increase speed droop, the lever arm B is 
lengthened by loosening the left-hand nut H one turn 
and tightening the right-hand nut H. The adjustment 
is then continued as before by restoring full-load speed 
to 1200 rpm by the knurled nut A, reducing load and 
checking no-load speed. 

If speed droop is being adjusted to provide for 
paralleling of the generators, it may now be necessary 
to make electrical adjustments on the generators. The 
manufacturer's instruction book must be consulted for 
the procedure to be used in adjustment of the various 
types of generators. 

g. possible trouble: 
stickiness in governor or external linkage 

This condition almost invariably leads to hunting, 
that is, periodic variation in engine speed at constant 
throttle setting. It can be discovered by working the 
governor parts by hand and noticing any undue fric- 
tion. The external linkage, including fuel control rod 
and pumps, can be checked for excessive friction in 
a like manner. 

1. Causes and prevention. The most frequent causes of 
stickiness in the linkage or of governor parts are: 

(a) Accumulations of dirt in the governor or on 

linkage joints. 

(b) Misalignment of the governor or linkage. 

(c) Distortion of the governor parts or linkage. 

(a) Accumulations of dirt in the governor or on linkage 
joints. If sludge, varnish, paint, or chips are allowed 
to accumulate between the moving parts of the gover- 
nor linkage, excessive wear or friction will result. The 
primary source of governor trouble is dirt. Wash the 
governor and linkage joints frequently in carbon 
tetrachloride, or other clean noncorrosivc solvent, to 
remove all traces of dirt. 

(b) Misalignment of the governor or linkage. If the gov- 
ernor and/or linkage are not properly aligned, binding 
will cause excessive friction and hunting will result. 
When installing the governor and linkage, care should 
be taken to ascertain that the linkage and governor 
are aligned so as to eliminate all bind. 

(c) Distortion of the governor parts or linkage. The bend- 
ing of governor parts or linkage rods and pins, by 
careless handling or improper installation, may readily 
cause roughness and excessive friction, thereby result- 
ing in hunting. The parts should never be forced into 
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place. All distorted parts should be replaced, or 
straightened if possible. 

2. Repair. The cause of stickiness should be deter- 
mined and eliminated. 

h. possible trouble: 
stripped or worn drive gears 

This trouble may be first noticed by irregularities 
in speed control, causing hunting. The gear train 
which drives the speed measuring element of the gov- 
ernor at a speed proportional to engine speed, must be 
in good condition. Any irregularities in gear profiles 
will result in irregular speed of the governor even 
though the engine speed may be constant. The gover- 
nor, "thinking" that the engine speed is irregular, 
will attempt to stabilize the engine speed by making 
changes in the amount of fuel flow to the engine. This 
will result in change in engine speed and the cycle 
continues. It will be impossible to get rid of this 
hunting without replacing the faulty gears. 

1. Causes and prevention. Worn or stripped drive 
gears may be due to : 

(a) Improper installation. 

(b) Insufficient lubrication. 

(a) Improper installation. In installing the governor 
upon the engine, care must be taken to see that all 
parts are clean. Most governor failures can be traced 
to dirt, and the drive gears are no exception. Before 
the flange bolts that secure the governor to the engine 
are tightened down, a check must be made to see that 
drive gears are properly meshed; otherwise, tightening 
will cause the gears to be marred or broken. Any gear 
showing marked imperfection must be replaced to 
avoid immediate or future trouble. 

(b) Insufficient lubrication. Gears must be lubricated 
properly to prevent undue wear or scuffing. The lubri- 
cating oil lines and passages should be checked for 
stoppage, crimping, or other restriction. The use of 
clean oil is imperative to avoid wear due to abrasive 
action of dirt particles. 

2. Repair. Worn or damaged drive gears must be 
replaced. In most cases it will be advisable to substi- 
tute a spare governor and return the damaged one to a 
repair base. 

B. HYDRAULIC GOVERNORS 

5B1. Introduction. The hydraulic governor differs 
from the mechanical governor in that some fluid, 
usually oil, is used to transmit the governing forces 
developed in the governor. It is the most sensitive and 
accurate type of governor and is, therefore, used when- 
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ever high precision in speed control is essential. 

The hydraulic and the mechanical governor are 
similar in the respect that both utilize spring loaded 
flyweights to "measure" or "weigh" the engine 
speed. The speed-sensitive (weighing) element in the 
hydraulic governor causes oil under pressure to act on 
a power piston. This piston is connected to the fuel 
pump linkage, and acts to increase or decrease the flow 
of fuel to the engine so as to return the engine speed to 
normal. Figure 5-5 illustrates this principle. 

In most hydraulic governors there is an almost 
simultaneous compensating action. The function of 
the compensating mechanism is to increase the stability 
of the governor, that is, to prevent overshooting, or 
overcorrection of the fuel setting. Compensated gov- 
ernors may be isochronous, which means they are capable 
of maintaining the same speed, or frequency, regard- 
less of the amount of load, up to the load limit of the 
engine. Isochronous governors have no speed droop. 
However, under certain conditions it is advantageous 
to have the speed fall, or droop, as the load is in- 
creased. This characteristic is provided by a speed 
droop mechanism. 

The prime advantage of hydraulic governors is their 
relative freedom from friction. Consequently, gover- 
nor parts are accurately machined. Hydraulic gover- 
nor construction and operation may be compared to 
that of a fine watch. Like an accurate timepiece, the 
governor is sensitive to dirt, and some skill is required 
to adjust it properly. Thoughtless, uninformed tinker- 
ing with the mechanism is not likely to meet with 
much success. 

Personnel associated with the maintenance of Navy 
diesel engines have, in all probability, heard the state- 
ment to the effect that hydraulic governors should be 
left alone. Unfortunately, this has been interpreted 
too frequently as meaning that only experts with long 
experience are qualified to adjust or maintain these 
devices. Hydraulic governors are complicated; they 
have many parts whose function and action are not 
readily understood by an ordinary inspection of the 



mechanism itself. However, a reasonable amount of 
time spent in study of the instructional material avail- 
able will show that the hydraulic governor presents 
no greater problems than those found elsewhere in 
the engine. 

5B2. Sources of information. Among the sources 
of information concerning hydraulic governors are: 

1. That section of the engine instruction manual 
dealing with the governor. Information on simple 
adjustments and, frequently, an explanation of how 
the governor operates will be found there. 

2. Special hydraulic governor maintenance manuals 
prepared by the Bureau of Ships are: Marquette Governor 
Manual , Navships 341-5505; and Woodward Governor 
Manual, Navships 341-5017. These manuals cover 
the most widely used models of hydraulic governors 
and overspeed trips. They contain minute details on 
testing, adjusting, and repairing the governor. Pro- 
cedures for both shipboard and repair base personnel 
are included. 

3. Navy training films on diesel engine hydraulic 
governors. These films, some of the best yet produced, 
contain excellent explanations of the operation of the 
hydraulic governor, and also give worthwhile main- 
tenance hints. 

The following troubles have been encountered with 
a number of hydraulic governors. In the main, they 
are applicable to all hydraulic governors; however, as 
a consequence of the variation in design of different 
models, it has been necessary to include some material 
that is relevant only to certain governor models. 

Dirt is the foremost enemy of successful governor 
operation. Also, the governor cannot be expected to 
control the engine speed unless the governor drive, 
and the linkage between governor and fuel injection 
system, are performing satisfactorily. 

a. possible trouble: 

LOW OIL LEVEL 

Governors that have self-contained oil supplies arc 
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OVERSPEED UNDER SPEED 

Figure 5-5. Operating principle of hydraulic governor. 
108 

UNIVERSITY OF MICHIGAN 



SPEED CONTROL SYSTEM 



designed to operate with the oil at some predeter- 
mined level. If the oil level becomes too low, the 
governor will be unable to control the engine speed 
properly. The engine will hunt, or surge. 

1. Causes and prevention. Low oil level may be due to: 

(a) Failure to follow the instruction manual. 

(b) Leakage of oil from the governor. 

(a) Failure to follow the instruction manual. The en- 
gine instruction manual always specifies the level at 
which oil should be maintained in the governor. This 
level must be maintained for efficient governor 
performance. 

(b) Leakage of oil from the governor. Generally, an oil 
seal is provided for the drive shaft of the hydraulic 
governor to prevent leakage between this shaft and 
the governor case. An unexplained decrease of the oil 
level may frequently be traced to a faulty condition of 
this seal. For hints on seal maintenance, reference 
should be made to page 115- Leakage at other points 
is usually the result of faulty gaskets between parts of 
the governor case. Prior to installing new gaskets, 
the flange surfaces should be carefully cleaned to re- 
move all traces of old gasket, dirt, etc. 

2. Repair. Low oil level may be remedied by filling 
the governor case to the level specified in the instruc- 
tion manual, with clean oil of the same type as used in 
the engine lubricating system. In cases where the oil 
level recedes frequently, it is advisable to check for 
leakage. 

b. possible trouble: 
stickiness of governor mechanism or linkage 

This trouble is usually the source of hunting or 
sluggishness of the governor. The effect of stickiness 
is most apparent when changes in the load occur. 

For instance, if the load increases, the engine speed 
will drop. The governor flyballs move in, causing oil 
under pressure to be supplied to the power piston. If 
the power piston is sticky, or if the linkage to fuel 
pumps is sticky, considerable pressure may have to be 
built up to overcome the static friction. When the 
static friction is overcome, the linkage is shoved 
vigorously toward the full fuel position. Too much 
fuel is injected and the engine speed rises above nor- 
mal. The governor action then attempts to reduce the 
quantity of injection, and, due to the stickiness, may 
"overshoot" again, this time causing the speed to 
drop below normal. This overshooting is a source 
of hunting. 

Consequently, it is apparent that all moving parts 
in the governor, in the linkage between governor and 
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fuel pumps, and in the fuel pumps themselves, should 
have as little friction, or stickiness as possible. 

1 . Causes and prevention. The causes of stickiness arc : 

(a) Failure to clean the governor. 

(b) Use of dirty governor oil. 

(c) Use of misfit parts in the governor or linkage. 

(d) Binding of the fuel pump mechanism. 

(e) Misalignment of the linkage, governor, or 

pumps. 

(f) Dirt or paint in the linkage joints. 

(a) Failure to clean the governor. This is the most fre- 
quent source of trouble in hydraulic governors. Fail- 
ure to clean the governor at frequent intervals, even 
though clean oil is being used, will cause lacquer-like 
deposits to accumulate on moving surfaces and cause 
sticking. 

The governor should be flushed with clean diesel 
fuel, carbon tetrachloride, or other suitable solvent at 
frequent intervals and when the oil is changed. Most 
governors with a self-contained oil supply can be 
flushed without removal from the engine as follows: 

(1) The oil must be drained and replaced with 

solvent. 

(2) The engine should be run for approximately 

30 seconds with the compensating valve 
wide open, and allowed to surge 
vigorously. 

(3) The solvent should then be drained and re- 

placed with clean governor oil. When the 
governor appears to accumulate dirty de- 
posits unusually rapidly, the original oil 
containers should be checked for cleanli- 
ness, and the rve$ ro dainpeo C0ntix?l of the lud pressure vvithiri the c^^nurho-h taH. 
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4-40). This valve is of the bypass type, and utilizes a drops, the spring pressure acting on the needle valve 

lapped needle valve and seat. A certain quantity of closes it slightly, causing less fuel to be bypassed and 

fuel is bypassed from the common rail at all times. If, thereby maintaining a constant fuel pressure within 

for any reason, the fuel pressure within the fuel header the common rail. 
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The spray valve, Figure 4-42, a heavily spring 
loaded needle valve, meters the proper amount of fuel 
and delivers it to the combustion chamber at the 
proper instant in the cycle. 

The spray valves are actuated by adjustable cams, 
cam followers, push rods, and rocker arms. It can be 
seen from Figure 4-42 that the control of the time of 
spray valve opening and closing is obtained by the 
movable fuel wedge, which is actuated by the engine 
governor. To increase the engine speed, the governor 
moves the fuel wedge to decrease the gap between the 
cam followers and the push rods. This will cause the 
spray valves to open sooner, and close later, thus 
increasing the amount of fuel supplied to the cylinder. 
This increase in fuel will cause an increase in engine 
speed. The start of injection also occurs at an earlier 
time in the engine cycle, as is necessary with the in- 
crease in speed. To decrease the engine speed, the 
wedge is moved upward to increase the gap between 
the cam follower and the push rods. 

A. POSSIBLE troubles: 

IMPROPER TIMING OF FUEL SYSTEM 

Improper timing is perhaps the most commonly 
experienced trouble with this fuel system and usually 
manifests itself in the form of improper engine per- 
formance, evidenced by black smoke, fuel knock, 
inability of the engine to carry the load, etc. 

1. Causes and prevention. This trouble can almost 
always be attributed to failure to follow timing instruc- 
tions. The engine instruction manual must be followed 
implicitly in order to time the engine satisfactorily. 

2. Repair. The proper method to be used in timing 
the spray valves to the engine is as follows: 

(a) The proper spray valve opening and closing posi- 
tions must be obtained from the engine name plate 
data. (In the following discussion, the usual values 
encountered will be used; that is, 8° before top dead 
center (BTDC) for opening and 18° after top dead 
center (ATDC) for closing.) 

(b) The cylinder isolation valves in the common 
rail must be closed to all cylinders except the one to 
be timed. 

(c) The buffer spring gage assembly in each fuel 
push rod must be unscrewed about two turns before 
any timing is performed. (This assembly. Figure 
4-42, assists the spray valve spring in returning the 
valve mechanism as the spray valve is closed, and it 
also serves to position the push rod in relation to the 
cam follower.) 

(d) The fuel wedges must be in the full load posi- 
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tion. This position normally is attained when the 
engine is secured. 

(e) The engine should be barred over to a position 
halfway between 8° BTDC and 18° ATDC, which will 
be 5° ATDC. This position will be with the piston on 
the power stroke. The sliding fuel pump cam can be 
moved until the centerline of the cam toe is in align- 
ment with the axis of the cam followers. The cam 
must be clamped temporarily in this position. The 
cam is of the sliding type, keyed to the camshaft. The 
action of the spray valve is controlled by the steel cam 
toe, inserted in a steel disk, the disk serving as the 
base circle of the cam. 

(f) The crankshaft should be barred over in the cor- 
rect direction of rotation until the piston of the cyl- 
inder to be timed is 8° BTDC on the compression stroke. 

(g) Fuel pressure must be built up to 1500 psi by the 
hand priming pump. 

(h) The spray valve push rods are of the adjustable 
type; that is, they may be lengthened or shortened by 
loosening a lock nut and turning the push rod. The 
push rod must be lengthened until the fuel pressure 
drops, as indicated by the pressure gage. This will be 
an indication that the spray valve has opened, allow- 
ing the fuel charge to enter into the cylinder. 

(i) The closing point must now be obtained. It is 
well to bar the engine a few degrees past 18° ATDC for 
the cylinder in question before building the pressure 
up to 1500 psi in the common rail. The engine is then 
barred backward until the pressure again drops. This 
will indicate the closing of the valve. If the cylinder 
is in time, the flywheel indicator will be at 18° ATDC 
for the cylinder in question. If the reading is different, 
the length of the spray period will not be correct. If 
this is the case, it will be necessary to shift the slicling 
cam a slight amount, cither to retard or advance the 
cam slightly, depending upon whether the spray 
period closing occurred before or after 18° ATDC. 
Then, steps (0 through (i) must be, repeated. 

(j) Each cylinder must be timed in a "Similar manner. 

(k) The buffer spring cage assemblies must be tight- 

ened and adjusted after the timing procedure. The 
buffer spring adjustments arc listed in the engine 
instruction manual. i. 

After the timing procedure, it is necessary to blow 
out the cylinder with compressed air, as a considerable 
amount of fuel will be in the cylinder due to the man- 
ner in which the engine is timed. 

After the above procedure is performed, the fuel 
system will be properly timed and balanced; that is, 
theoretically, an equal amount of fuel will be delivered 
to each cylinder at the correct instant. Actually, due 
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to mechanical difficulties, it is impossible for each 
spray valve to be in such perfect balance that each cyl- 
inder will carry an equal share of the load. This has 
led to frequent troubles brought about by attempts of 
operating personnel to balance each cylinder by ad- 
justing the push rod lengths, after the engine is in 
time. The engine manufacturer allows a slight adjust- 
ment of one-half turn of the push rod or less while the 
engine is in operation. If the rod is adjusted more than 
this amount, the start and stop of injection, that is, 
the timing, will be affected materially, leading to 
improper engine performance. The push rod length 
should never be adjusted more than one-half turn in attempting 
to balance the load of each cylinder while the engine is 
operating. 

B. POSSIBLE trouble: 

CLOGGED SPRAY ORIFICES 

See Bosch Fuel System, (r) Clogged nozxfe orifices^ 
pages 53-54. 

C. POSSIBLE trouble: 

LEAKY nozzle TIP 

A leaky nozzle tip will cause unsatisfactory engine 
operation, as an excessive amount of fuel will be in- 
jected into the cylinder. This fuel will not be atomized 
sufficiently for efficient burning. Black smoke will be 
noted in the exhaust. A decided fuel knock may be- 
come evident. 

1. Causes and prevention. The usual causes for a 
leaky spray valve are: 

(a) Obstruction between valve and seat. 

(b) Damaged seat. 

(a) Obstruction between valve and seat. The seat for the 
needle valve is situated in the spray tip just above the 
entrances to the spray orifices. The valve body is 
counterbored to receive the spray tip, the tip being 
securely fastened to the valve body by a nut. 

Any piece of dirt between the seat and the valve will 
allow fuel to leak into the cylinder. This may be pre- 
vented by cleaning the tip and end of the valve stem. 

There are individual spray valve fuel filters to assist 
the fuel filter at the injection pump. These filters must 
be cleaned frequently by blowing with compressed air. 

(b) Damaged seat. If tip leakage still occurs after 
cleaning the seat and valve, the scat is damaged and 
must be either serviced or replaced. This damage may 
be due to the dirt or metal particles acting on the scat. 

2. Repair. Parts should always be handled with 
extreme care when cleaning the valve assembly. 
Should tip leakage still occur after cleaning, it will be 



necessary to reseat the needle valve by lapping the 
valve and its seat. This tip leakage can be detected by 
installing the spray valve on a fuel test stand and ob- 
serving the fuel spray. A fine grinding compound must 
be used for the lapping procedure. The ordinary case of 
leakage can usually be corrected by lapping the tip 
two or three times. 

If this docs not stop the leakage, it will be necessary 
to install a new tip to replace the damaged seat. 

In installing the new tip, the joint between the 
valve body and the spray tip must be lapped in order 
to form a perfect seal. It will then be necessary to lap 
the new tip to the needle valve as mentioned above. 

D. POSSIBLE trouble: 

WORN spray valve PACKING 

This trouble becomes evident when fuel leakage 
occurs past the packing nut. This is an indication 
that leakage is occurring between the needle and 
its body. 

1. Causes and prevention. Worn spray valve packing 
is caused by : 

(a) Excessive wear. 

(b) Improper tightening procedure. 

(a) Excessive wear. Metallic packing wears after 
many hours of use and must be replaced when that 
wear becomes excessive. 

(b) Improper tightening procedure. The packing nut 
can be overtightened to such an extent that the needle 
may stick open. This is in addition to the damage that 
will be caused to the packing. The packing nut must 
not be overtightened. If leakage still occurs after the 
nut has been tightened, it will be necessary to replace 
the packing. 

2. Repair. Before replacing packing, the spray 
valve must be disassembled completely in order that 
all parts may be thoroughly cleaned. Graphite 
metallic packing of the metallic core type must be 
used, if available. If the metallic core is not available, 
plain graphite asbestos packing may be used. Only 
soft packing must be used. Stranded packing must not 
be used as the strands of metal in the packing will cut 
the needle. 

E. possible trouble: 

IMPROPER FUNCTIONING OF PRESSURE 
REGULATING VALVE 

If the pressure regulating valve is functioning im- 
properly, a constant fuel pressure reading cannot be 
maintained and the engine will drop off in power. A 
low or zero pressure reading will be obtained if there 
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spring in the valve block. As the plunger is returned 
upward by the force of the plunger spring, a vacuum is 
created which exists within the barrel until the inlet 
ports are uncovered and the fuel oil forced in. The 
pressure of the discharged oil forces the regulator 
plunger, the push rod, and the rack upward against 
the pressure of the regulator spring. The position of 
the rack depends entirely upon the operating pressure. 

The amount of fuel oil that enters the barrel at each 
stroke is limited to the amount required to maintain 
the operating pressure. The exact amount of fuel is 
controlled by a pair of sleeves, one operating inside 
the other. The outer sleeve is attached to a linkage 
from the engine control shaft, and the inner sleeve is 
attached to a pinion gear that meshes with the regu- 
lator rack. In some models, the function of the inner 
and outer sleeves is interchanged. Ports in both 
sleeves permit the oil to flow. The inner sleeve is 
notched for measuring or metering small quantities of 
fuel oil. The amount of oil admitted at each stroke is 
dependent upon the existing fuel pressure in the ac- 
cumulator. The pressure acts on the regulator plunger 
to move the regulator rack, and hence the inner sleeve. 
When the pressure becomes too great, the rack will 
rotate the inner sleeve, causing the inner port and the 
outer port to coincide less and less. This restricts the 
flow of fuel to the pump plungers on their suction 
stroke, and therefore regulates the fuel oil pressure in 
the accumulator. 



A. POSSIBLE trouble: 

PUMP FAILS TO OPERATE PROPERLY 

Failure of the pump to operate properly may be 
evidenced by loss of power, smoky exhaust, over- 
heating, and diesel fuel knock. These are only the 
first symptoms of improper pump operation. Con- 
tinued operation will result in excessive carbon de- 
posits, poor economy, and finally, in complete engine 
failure. 

1. Causes and prevention. Improper pump operation 
can be due either to lack of maintenance, or to partial 
failure. The more common causes are: 

(a) Scored regulator sleeves. 

(b) Scored plungers and barrels. 

(c) Leaking discharge valve. 

(d) Leaking relief valve. 

(e) Regulator plunger sticking. 

(f) Improper regulation or assembly. 

(a) Scored regulator sleeves. The regulator sleeves 
are required to shut off the flow of fuel to the pump 
plungers. The surfaces of the sleeves are accurately 
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finished, and fit closely with each other. The inner 
sleeve must be free to rotate within the outer sleeve. 
If it binds, it will prevent the proper regulation of 
the pressure, inasmuch as the regulator plunger will 
have difficulty moving it to open and close the control 
ports. Binding is due either to the formation of resin- 
ous deposits, or to foreign particles carried to the 
sleeve by the fuel oil or through carelessness when 
assembling. The particles tend to cause the inner 
sleeve to jam, and also to erode the ports, causing ex- 
cessive fuel to pass when it should be limited in 
flow. Water, if present in the fuel oil, will produce 
the same severe results. The fuel system is equipped 
with metal edge fuel strainers, and with fuel filters. 
The function of these is to trap and to hold all foreign 
particles of dirt, dust, metal, etc., that arc in the fuel 
when it reaches the engine. The units will also re- 
move small amounts of water. Every precaution must 
be taken to eliminate these harmful elements from the 
fuel. All fuel strainers and filters must be inspected 
and cleaned as recommended in the instruction manual. 
All fuel having any water content must be centrifuged 
before being admitted to the day tank and to the fuel 
strainers and filters. 

(b) Scored plungers and barrels. The same factors 
that cause the control sleeves to become stuck and 
scored will also affect the plungers and barrels. The 
plungers and barrels arc lapped together with only a 
minimum of clearance, and water, dirt, and other 
foreign matter have disastrous results on the lapped 
surfaces. Foreign particles may cause the plunger to 
jam, but usually will result only in excessive wear 
and leakage. 

(c) Leaking discharge valve. A leaking discharge 
valve will prevent the accumulator from holding the 
fuel delivered to it from the pump. If the valve leaks, 
it will allow the high-pressure fuel to flow backward 
when the pump plungers arc on their suction stroke. 
This, depending on its severity, often totally prevents 
the pump from building up the required pressure in 
the accumulator bottle, which is usually about 5000 
psi. The discharge valve leakage may be caused by a 
scored or pitted valve and scat, broken spring, or a 
foreign particle lodged between the valve face and 
scat. 

(d) Leaking relief valve. The system is equipped 
with a relief valve that is used only as a safety device 
to relieve the fuel pressure when it reaches a prede- 
termined value. Under normal operation, the relief 
valve remains closed. Should the valve become fouled 
with resinous deposits from the fuel oil, or should 
the valve and scat become scored, the high-pressure 
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high-pc^sme f^^ painp, it muse be remewed^ the 
coghjd ^nd ‘di&ai,^embledr All parts must 

be cJcanMm diesel ftiel oil; if tht^ parts 4ai^ disfcolorcd 
and appear to ba^e resinous W 
them, they can best be cleaned in. carbon and lacquer 
removing compound . (Fed. ,£tat. No:. 

5lG-J567“-5b), After dcanitig^ the parti are inspected. 

the puippand i^gufating plungers ar cheeked. 

Any remaiprng deppsiU should be removed by using 
rouge bx^icumpow^^ 

should t>e tried in ttieir respective barrels. If they da 
floi dide fr^ly and sihc^^ withm the biUTels; ^ 
small amount of rouge on the 

plunger^ and theafhppld)^^ wirhia 

the barreJ (sec Figure rioi?cd 

thoroughly to diesel ill traces of the 

rouge , Pi Ungers aid bat f sds : must dot 
as they’are a sciectcd’:fic;^nd/a(!^;qq^4.^ 
v the valves .'-aod-Vvifye; ;seaitS:;'^^,^ 
valves must be' epdeked^ - the: iiay,h£^ 

lapped to .its scat With A 
fscc Figure 4*-45}. , ‘ - 



Ffifimt 4^^:, . Loptping diychorgm Yfthrm gfHf 



The relief vaivc has a flat seat which may be 
ground if nc by using f picoc of brass rod cot 

offsqu^c(^^ 



fiflvr# Square hpphtg thm rwlfqf voly* 



The regulating sleeves must be checked to see that 
they fit each pthor arid the. housing p/o^^ They 
shduld move freely, but nor be, loose enough to cause 
- uppreciabjc If the :?Ieeves are y^^orti. it will be 

the housiog and both sleeves* 

. The parts 4riu.4t be checked far cracks, 

^d ,da^ 

instrutriprirriri^ carefully. 

4 J9 the nccwmul^f or '"the funct fen of the 

accumttlaKijr bqtiie 

fuel pressure by volume of fuel ax hfgh 
pressure: The virj' du^s: W 

the iritermluepr.^^te rhe pulsiiiririg 



4 ^ 4 , Lapping plunger and barmh 
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The ^timtilator needs no attention, other thiin to 
dean it tfaorougbif whe^^ fuel pump and injectors 
are disassembied. 

4J4. Th# fud injec- 
tor -in the pressure dis- 

inbiues the the accumulatpr 

bottle to the infection no^zles^ (scc^^K 
.Metering c^r measuring of fuel* is accomplished^ 
by the !^gr^ the i?aivcs co the 'mdivixinil^^^ 

cvliodcrs remain open dipping e«<^h injection period. 



cr, and mishriiig. It h the j&nction of 
deliver, at i specified tinle m the engine cycicr 
metered Volume of fuel.. WhcB the timih^^^ 
that is, when rhevfud enters the e^h 
too Utc^ the nia?ciintrm obrainahle from the luci 

will isot be the fad enters the Cylm^ 

e^ly:, a k gas 

pressure the reaches 

top cchter;^^ 

comhusuop pres$np»^ If the fudls iniected tooiatein 
the engifie cydcv ipay be the ex- 
haust vVitt tfe power devclt^ 

wIl'bc''decTeai^y/ 

Ic ts also the M meter the 

c}Uanr f ey of being admit cylindcf , so 

that an equal share of the load wii I be cartled fey each . 
There is an inj<xtor unitrfo^ ea^ amts 

are assembled in blocks of four. Each %iph is adjust- 
able, $0 that the amodn delivered may 

be varied. Thb pertnie^ all the imks to be caUbrated 
so that each will deli ver the same volume of fuel to its 
cylinder fpf any contfoi shaft pc»siiion. As rhe control 
shaft is revqlfvcd, the ainouiit of fuel going to all 
cylinders ts varied ^muttancously. - 

1. the 

hijectors iria^y either to improper mainanance* 

paraai failure., or improper adjustmeatv The jcnorc 
,Cohunori;cat.i^/ 

■‘V •’:■ ■ ; -■ 

. 

(c) Worn valve stem. 

(i^)- T’appct . 

(e) Improper 

(f) Impropey teg 

(a) One of the most frequent troubles 

encountered with the injectoris that of leaking valves. 
Before a tiy leakage cart take piaceV, all thtei^ df the flit 
check valves muse be fafiliy Ip some way. Fuel will 
leak past a closed valve cm) y if scat or valve is . 
scoredvor if some foreign particle is caught beneath ir. 
It although rare, tappet ; 

wilt expanded too muefey and the valve stem will 

scat when the cam iev^er 
npisc fe on the base drcle of the The usual cause 
bf d lificuj cy is onpfoy»ef adhtstment by che opera- 
tor type of worse than chat 
caused by A dcrfec for Under this coiidi- 

rio!i, the fuel cannot escape through the bote in the 
center of the and of euxessity musE encer 

the engine &ich a Condicion often has 

Failure of the’ injector to operate properly will be disastrou^^^ this cortdi cion exists, the 

evidenced by fuel knocks smoky exhaust, Joss of pow- usual discharge of fikl iiom the bottom of the yalve 



1 . Fuel miei:tiqn lines 9.. Fuel oil Ime from priming pumip 
7. Union not 10. Observofion pprl 

3. Noxile connection ;t1. Fweroil 

4. Infecior cap 12. Cover 

5. Shutoff screw 13- Accumulator bottle 

6. Injector block 1 4. Conttof shoh points 

7. Jsofatioo valve FVer qii fine to injector block 

Em Control jhaft coupling 16 Fvef mjecior housing 

ftgurii 4^ 

The IPicexpt vpi^^cs the engine cam-^ 

sh afe . The vo! umc of fad vaned as the load 

is varied fey rotation of the txctrttric control shaft. 
Each valve contains three separate disk valves to in- 
sure that ieak^ does leAkage to ocrut, 

all three valves must leak simultaneously; Af the 
jtetor valves dose, the flow of the fuel to the injection 
nozzles is stopped immediately . The fuel line presshte 
js then reduced m cli»ninate a secondary injectiba du^ 
CQ the pressure waves w I chin the Iiae, or tp vaIvc 
age. This IS Accomplished by rdeasirtg part of the fuel 
oil through a small hole in th^ : ^ 
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'Vtv^K di?yio<4 






E>*?At )9 tCNhitrnON 
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AU pirn in ditfsei gumm^ 

Mid dij^colbredi to uir car and 

lacqu^ £FcJ. Std : Stock Car: No. 
31C--I567^^.^^A^^^ it will D(:tcssiij to 

inspect ail tte 

The val ves arid- V a 1 cracks 

and pjrcjng; If ai^y arcc«"^kcdv^^^ 

If bjoof pitting hast fak^ re- 
moved by lappiiig on a;" ^ a fine lap- 

pirig cojripaund. The fewt^ mnst be lai(Ted 

with che valve stent m Figure 



stem caoDpt be seen throhgb^^t^^^ ih tfetf side 

of t he 



:n'jccKjir . ;•■ 

When leakage is dae to faulty or valve Scacsv 
the leakage is usuaiiy siiifiaehtty;^ be accom-- 

rpodated by rhe hpjfc m the xenrer of the va!y'^ stem. 

T b) BMmg /W tv 1 1 the v a i ye stem btciimcs 

caared, with a gumm)’ subsiaoce, or becpiues lahuhei^ 
vvirh fqrogn partid^ the action of the be: 

si ugg ish, and m e3Ei'teme eases will j^fe Vent, the I ves 
from clpsmg^^ allows excess fuel ip be Emitted 
IA3 the cyHp the fuel caiinot cseapc thrOugb 

the hole in thy/vo^ 

Shpulii ihe beccune stuck 6r bind in the 

push rod b^iVhtng- H wtllibayc the same effect and 
resuhx iiS if the vaJ ve srem were stuck . 

(c^ WiffTM AVorn valve stems* will pernut 

tel injcciioa. Tliif dbes not ma- 

of the fuel ay long its the 
leakage }$ hot and the vaivc stem for each 

cylifidcf is worn iipptojfimatd iamc. AX car js 
asually due to dirt or water th;ic eoters\wrt^ 

Unequal fuel di$lrihUtic>h i$ U^ua)!i- 
attribiTfcd i6 impro^^ tappet ad justhitfor If the Jc>ck 
out is ope properjy cightcacd after mak^^ adjust- 
mcat t it is pnibabfo that It sv^i Work Iop$e> 
the tap^per adfukmcnt to shift. Afo;p;4 
ment Y a heiaj check shtmld always he miidc On the lock 
nuty to imurc thef f being secured pAtped w 

1 1 is fjui t^. pfosiWe m assernhlc 
the .unit iheorfoctfy : with resui taor poor ppet^idon V 
^'hepey aS^^cUtbli?^ any part Of the Uni tv iXiference 
jshould be made to the fostr.uc^ to insure 

that the parrs will be jnstayed to thcilp^^pfir 

(0 impfopet n^fthhon. It h obvious tfoo if the 
irijecters ate iiripropcriy tegtdated, fh will 

operate poorly, Indicattpns of 
arc: smoky exhaust, high orfow ah^bwsrfon pressures 
or exhaust temperatures for one Or mote pf the 
inders; foci knock; or loss of powfer. 

1. Ripii^ir. When engine opera tfon bec^^ 
and the injector unit is at fault, the fojcctor block 
should b<5 rembyed froiti the injector housing, li is not 
ncccssanr ?0 rOTbyc the eiitiix fuel injector The cam 
lever, iijod push rod, sddpin require a other 

than an ihspccCJbn of th^ lever misc for exccssjyc 
wear, and H) determine that the push rod moves free? 

The mjeetpr blocky must be disassembled as our- 
lincd in the instiiictiou manual All rbc parts If om 
each injector unit must be kept t0gcthet> ahd nimi b^ 
segregated from the parts of. the cub^cr h 
care must be cxcrcij^d to prir^Xnc mtctxha.ttg 

partSv 






fiAn j 



Lai^ping th^ ipwtf iPaf ond 



figvr* 4-49, 

The valve Stem in the lower valve se^t must^ 
cb<^ckcd to iiisurc fr movement If binding exists., 4 
small amoumX^f mugc may be placed oa the stem and 
the stem v*ypffccd back and forth inthe valve ^at. The 
parts should be rinsed thoroughly in tutkoU tp r<nnovc 
all the rouge. The valve stem is checked for ex 
wear by placing one fingb ^ovef one end of the lower 
valvt scat, another over the hole ip the valve 
and withdravying the seem foof^ the ^at li it is in 
good conditfonV wi^hd fcbe seem should c:iu^ 

an 



vaCuivni, U no vacuum js obscTVxay the 
puf6 aix Wom;a^ be replaced. ■ 

: The valve be fospected- Any iodica- 

tioh of pitting IK cTackifl ineC-cssitates ncplacefnent. 
Cracks show up bespAvhe^^ the springs are flexed. The 
shutoff siai ye aascnfo also be cheeked to in- 

sure that 'they :arg;^ ,"■. V/ ■ 

The foi^xtor must be checked carefoU 
rfouiiirly for cracks damaged •rhry^fds.. fo must be 
made certain thiit Hie. block is thoroughly clean dirt. 
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severity 4^ mage tire iaicctor 
p^irtsil !: . • . ' .' _ , 

The tnjcttc^ arid a4 justed outliiiod 

in the eitgihe insirruciion m;snualr, or the Cooper- 
Besiicmet fuel injector S^l-SOSS* 



4JS* The fuel mjectldU Tile tod inji^ctio^ 

jiozdes astd on Efae Coapct-Rcs^ctodr 
tic^l to priu<^lpto to the Bosc^ hi 

the rroublcij tocemnterdi Mttv and 

nozzle hoidcf be fbito 



Section 3. Fuel Lines 

K LOW-PRESSURE 

4Ki .. Generfiif dencripfion* Fuel lines used to bring 
the fud froin the touJks^to^ ebe ifiod maaifuld and 

CQ the fuel injt^ttoo ail jaw-prcssurc .fines ; 

Tft^c Imcs^ to good ^amdition if 

Ti^ Bureau of Ships rimi: ill except 

suBmartoesV be Cfjmpp^d^y^ steel fuel lines. Suhr 
lUartocs are permittod to 
rate install ation itothdr^^ 



• . .a/, >OSSIBI^ '1^00151^ ■ 

TaBLBAD&D PIPE JOINTS; ^RAiJaNO AY ItOCrr OF TKEfiAi>& 






The huTriber ojf detangcmcnes caused % bi^fctog of 
small aippito and p^ when coad^ttd to pipe 

mains 



has become increasingly serious, 

1. Cmf^f pm^Ati^n. (a) Potion. Such tocak- 
agto ato caus# by of the nipples and 

piper totots^ to Withstand shock, vibration,, and the 
sttoms fCsUlrto^ from the refe the 

smalfe and the e^ntouieiit ta which they arc 

To prevent such a 
systcmaric insf^ ; of the . insuila tton^^ these 
hippies, to atotYtaih;^^^ to t$ satisftototil): 

sujppotrto ahd tiuffiato 

that, oh vital systeto% 3 thicks 

Q«ss less rha? pjpf^ mace- 

rial uto4>’fe ^ of ektra strong pipe 

Of t^ttear. W nippJtoj drilM 

and thto^^4 stocky 

to toe iow xigtoito of bmss and 
of ttj^tacemetit mpplcs should be Ktock njc>nei, or 
Cu-Ni The totot berween the boss and; nipple 
should be giyeri a sealm| bead^^ or 

vvic i d tog material » Ih mah>" the nipples arc 

conneeted ro relatively* htoy/ poxts^ such as valves, 

ibratc, Vtbt^cian coo- 



1 frilei 5l*Md 11. Sphnh <op 

2. Edge hlter 1 2. 0d&l«et 

3. Upptsr tjpHng 1 $ P^in punfu&^icn^^. 

4. Ggskvr I4v ptoihjrc odiuifting 

6, fik/Cl duel l^w Spifiole^ with tower 

7, Nofito as^rribly sprier? ieoF 

8, Cov^ 1 6; Nor^to co!p to 

9, PfesiUTe Qdtusfing serew 1?. Gnsket - - 

10, ''tcKkhwL"-^: ;.■ ■■•; : ■■■..;'v ;^' 

figure 4-50. Sectotidl view of fui^f 



str3iDe^s^€rtcy. tlw free to 

mfeuto^ m to^ d'ppl^®; 

W.hetC‘>;uc^ cMd^ Vhpuld: bt^ 

insialJcd. The bracmg rhonld fe secured ctici.cqmto 
mtobffttolf h) order tovto to 
the huii Or toher etoipmertt. ' ' 
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ifc arc far more impoftaat: than 
chcy first for JiDCs in improper coadition are 

capayc {^f aigioe opera jtiofi. 

The ^oti of leDgths of Uot is importao t . 

Varying the I of the liaes makes it po»iWc to 
change the injcctiofl characteristics. An mjectiem 
pun^jp and nozzkrw have a different mfeccioo delay 
period with different lengths of line* droa affSectifig 
the riming. 

Generally, but not always, an increase iaUetc length 
will increase the iaicction delay. Somctirncs it is found 
that increasing the line length decreases the injection 
ddayv The magnitadc of injection delay is highly 
unpredictable, and to avoid difficulties in the engine, 
lines of equal length arc used. The size of the steel 
tubing likewise affeed the inycction in an unpredict- 
able manner. 

Fud lines of equal Thus, when the 

distance between a given pumpand its nozzle is shorter 
than the greatest distance between other pumps and 
their ccwrns^pcndibg nozzles the line must be doubled 
back, back^ adequate sup- 
port must be provided vibrating. 

Suppom arc imiilly Stupplicd with the engine> and 
should; db^beTema:>vm o 






SCALING 



HEAVY WALLS 



A. POSSIBLE TaOUSLS: 
BROKEN mOH^PaESSUBfir FOl!U. LX2^ 



$EAUm 
WELD 
OR 8HAZE 



SEALtNG 
WELD 
OR BRA2E 



LIGHT WALLS 

FlguTB ffBcormiiABdW 4»eiifrdds /or ftlfini/ioftoii o/ 

atffiot €»f thr^du 

L HIGH-PRESSURE 

4Lt. Generat description. The highrpj[Tss^u fuel 
lines are those connecting the high-pressure tnj^^^ 
pump ,co the ;iojccf^ arc a few sys- 

terns ^ such 2d the injecepr and the 

Cuminins. >;}rstcni* lines arc em- 

ployed/ The bigll^.pre^ssure^^p tlicsc cases is 

instHflcd hr dk cyiinder^^^^^i^ the fuel 

dkeedy ito the cylinder. 
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Satisfactory repair, in eases of emergency, can usu- 
ally be made by soldering a new fitting to the line. 
Silver solder must be used, and great care must be 
taken to insure that the center of the fitting and the 
center of the line are properly located. Extreme care 
must also be taken to prevent the solder from clogging 
the line, as capillary action, tending to draw in the 
solder, is likely to produce such clogging. After repair, 
the line should be tested for leaks and to make sure 
that the line is open. The silver soldering of new fittings 
on the line is to be done only in cases of extreme emergency. 

Section 4. Filters and Strainers 

M. FILTERS 

4Ml. General description. Fuel filters, in the 
Navy, are replaceable absorbent cartridge devices em- 
ployed to remove harmful particles from the fuel. 
Cartridges are constructed either of cotton yarn, cot- 
ton waste, paper disks, wood pulp, or some combina- 
tion of those materials. Fuel filters are extremely im- 
portant in preventing destruction of critical and ex- 
pensive injection equipment caused by abrasive par- 
ticles in fuel. 

Filters and strainers built into injection pump or 
nozzle housings are discussed under the pump or 
nozzle concerned. 



A. POSSIBLE trouble: 

FILTER CLOGGED BEFORE 500 HOURS* OPERATION 

In certaininstances, filters will become clogged prior 
to 500 hours of operation. 

This condition docs not indicate malfunction of the 
filter. On the contrary, a filter that is clogged is one 
that has performed its function well. This condition 
may be evidenced by stoppage of fuel flow, increase in 
pressure drop across the filter, increase in pressure up- 
stream of the filter, or by excessive collection of dirt on 
the clement, observed when the filter is dismantled for 
inspection. 

Definite rules for changing filter elements cannot be 
established for all engines. The 500-hour rule is only 
for average conditions, and will not apply when 
unusually dirty fuel with solid content above .005 
percent is extensively used. 

It must be remembered that the symptoms of clogged 
filters will vary in different installations. Each instal- 
lation should be studied, and the probable external 
symptoms anticipated. Among these symptoms will 
be instrument indications, engine operation, etc. If it 
appears that no external indication will be apparent, 
then the elements must be inspected visually whenever 



there is any reason to suspect that dirty fuel has been 
taken aboard. 

1. Causes and prevention. Filters may become clogged 
before they have been in operation for 500 hours 
because of : 

(a) Use of unusually dirty fuel. 

(b) Filter capacity too small. 

(c) Failure to drain filter sump. 

(d) Failure to use primary strainer. 

(a) Use of unusually dirty fuel. If dirty fuel is taken 
aboard it will clog the filters in a short time. Care is 
necessary to insure that hoses, fittings, and other gear 
employed during fueling arc absolutely clean. Many 
fuel supply ships and depots arc equipped to filter fuel 
as it is being delivered. This will eliminate consider- 
able dirt, and this procedure should be used in fueling 
whenever possible. Tanks should be inspected for ac- 
cumulations of sludge and water before refueling, and 
cleaned as prescribed on page 97, if necessary. Fuel 
should be centrifuged before use if facilities arc avail- 
able. If facilities arc not available for centrifuging the 
fuel, settling tanks should be used and water bottoms 
drained regularly. 

(b) Filter capacity too small. A small filter will clog up 
more rapidly than a large one because it docs not have 
so much space available for accumulation of dirt. 

The Bureau of Ships has now standardized on two 
fuel filter element sizes, for use on all engines con- 
structed in the future. The large size, designated as 
Navy Standard, is about 3 inches in diameter by 
8 inches in length. The small size, designated Navy 
Standard QsmalF), is also 3 inches in diameter, but the 
length is 4 inches. Construction is such that two 
Small elements can be stacked for use as one Standard 
clement. One Small clement has a capacity of 25 gal- 
lons per hour; the Standard, a capacity of 50 gallons 
per hour. 

Filter capacity should at least equal fuel supply 
pump capacity. 

(c) Failure to drain filter sump. Most Navy filter cases 
arc equipped with drain cocks at the bottom of the 
case, for the purpose of removing accumulations of 
sludge and water from the sump. If water is allowed 
to accumulate, it may carry over with fuel and cause 
damage to injection equipment. Removal of dirt 
through the drain cock will make room for more dirt 
in the filter. 

When the filter is on the discharge side of the fuel 
supply pump, as is the usual case, the sump should be 
drained, while the engine is operating, by quickly 
opening the drain cock wide until all sludge and water 
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arerempv^dl. shotaid bt: prpvidctij 

When fii^ the fuel sup- 

ply puifsp irtd fud pressure 
ptessorc^ <h^ w cock i^nndt he opened ^if hour 
draw i qg a i ft, D C. 
DEC 23.1*43 mMOnilULn f :> I MTVL/MrTLO row Ore 

ARRANGEMENTS FOR DESEL ENGINE FUEL ANO 
LU8R»CAT»IG OIL FE.TERS AND STRAINERS 

FUEL OIL SYSTEM 



F 9^t£ltk\J 



i DUPLEX ARRANGEMENT 



BOOSTER PUMP 



1 



A. 



© 



-PUMP RELIEF VALVE 



NOTES : FOR FUEL OIL SYSTEM 

r-l NO BY-PASS VALVES AROUNO STRAINER OR FILTER . MO RELIEF VALVES IN THE 
SYSTEM ALLOWING FUEL TO ENTER EN»NE WITHOUT PASSING THRU STRAIN - 
ER ANO FILTER ELEMENTS. 

F I STRAINER ELEMENT SLOT OPENINGS O.OOl »*CH PREFERRED : 0.0025 INCH 



F "* r*L SSO * C DROP ACROSS STRAINER SHALL NOT EXCEED 1.5 P.S.I WHEN OPERA- 
TING EITHER SOE OT DUPLEX STRAINER ON NAVY STANOARO DIESEL FUEL Oil 
(N.O. SPEC. 7-0*2) AT 66 DEGREES F.. ELEMENTS CLEAN ANO A FLOW EOUAl TO 
FULL CAPACITY OF FUEL 0»L PUMP. 

F'4* FUEL CXL FX.TER BODY ANO ELEMENT TO BE IN ACCORDANCE WITH NAVY DEPARTMENT 
SPECIFICATION 64F2 . ONE STANDARD ELEMENT REOUiREO FOR EACH SO G P.H 
FUEL PUMP CAPACITY, ANO ONE SMALL ELEMENT REOUiREO FOR EACH 2S G P H 
FUEL PUMP CAPACITY. CAPACITY OF EITHER SiOE OF DUPLEX FH.TER SMOULO BE 
COUAL TO FULL CAPACITY OF FUEL PUMP. 

F*S PRESSURE GAGES TO BE INSTALLEO TO SUIT WSTALLATlON. 



I RIG AT IN G OIL SYSTEM 

SHUNT Fit TTR SYSTFM 
BY-PASS FILTER IN MAIN LINE 



— BUX.T W RELIEF VALVE 




PUMP RELIEF VALVE — 



BWLT-IN AUTOMATIC BY -PASS VALVE 



TO COOLER ANQ ENQJNE 



-SMIPLEX METAL- EDGE 
STRAINER . 100% PUMP 
CAPACITY. 




SMPlEx CARTRiOGE " TYPE 
ABSORBENT FILTER. AMOUNT OF 
OIL FLOW THRU FftJTERMG 
ELEMENTS TO BE AS RECOMMEND** 
ED BY ENGINE MFGR. ANO 
APPROVE 0 BY BUREAU. 



SWING CHECK VALVE 



TO COOLER ANQ ENGINE 



-SIMPLEX METAL" EDGE 
STRAINER. K>0% PUMP 
CAPACITY. 




"lex cartrioge -type absorbent 
filter. amount of oil flow thru 
filtering elements to bc as rec- 
ommendc d by engine mfgr. and approv- 
ED BY BUREAU FLOW RCDUL AT *G DEVICE 
TO BE INCORPORATED M FILTER ASSEMBLY. 



I TANK 1 



CONTINUATION OF SYSTEM TQgE m ACCODANQE WI TH 
SYSTEM "B"OR SYSTEM "*C" 



EsUMf 



TING OiL SYSTEM 



SUMP SYSTEM 



MOTOR DRIVEN 



^-PUMP 



PUMP RELRTF VALVE 




PUMP RELIEF VALVE ^ » WAV PROPORTIONING WALVE 
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COSITY ANO FLOW EOUAL TO FULL CAPACITY OF LUBE OIL PUMP. THE RELIEF VALVE 
SMALL BE BET TO OPEN ATA MAXIMUM DIFFERENTIAL PRESSURE OF IS P. Si. ANO CAPA- 
BLE OF BY -PASSING 100 PERCENT OF THE LUBE OH. PUMP CAPACITY AT A MAXIMUM DIF- 
FERENTIAL PRESSURE 0F20P.S.I. 

FILTERS -NAVY STANDARD (SMALL) 

L-3 FILTER BODY ANO ELEMENT SHALL BE M ACCORDANCE WITH NAVY DEPARTMENT SPEC"Fl- 
CATION 66FS ANO BUREAU OF SHIPS STANDARD PLAN B"?ll. THE NAVY STANDARD 
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FK.TERS- NAVY STANDARD 
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TER AT A MAXIMUM DIFFERENTIAL PRESSURE OF 23 P.S.I. 
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will also be absorbed as a result of the friction of the 
oil as it passes through the many bearings. 

Since the oil is being used over and over, it is con- 
tinually receiving additional heat. If no provision 
were made to remove this heat, the temperature would 
rise to excessive values. At such elevated temperatures, 
the oil tends to oxidize more rapidly, and to form car- 
bon deposits. Excessive temperatures also cause in- 
creased oil consumption rates. Consequently, it is 
necessary to have oil coolers to remove the excess heat 
from the oil. Under stabilized temperature conditions 
of operation, the coolers remove exactly the same 
amount of heat from the oil that the oil picks up as it 
circulates through the engine. 

However, oil that is cold cannot circulate through 
the small passages in sufficient quantities to lubricate 
the bearing surfaces properly. It is, therefore, neces- 
sary to control and limit the amount of cooling. This 
is accomplished by the use of temperature regulating 
control valves, discussed in Chapter 7, pages 150-155. 

The Bureau of Ships has set up operating limits with 
regard to the temperature of the lubricating oil. Since 
it is virtually impossible to regulate the amount of 
temperature rise of the oil within the engine, the only 
specification that can be given is the outlet tempera- 
ture of the oil. The preferred temperature is 165°F, 
and the maximum 180°F. These temperature limits 
must be complied with. The maintenance of the 
proper temperatures is dependent upon the condition 
of the oil coolers. Oil coolers that, due to improper 
maintenance, have excessive scale formation and are 
dirty reduce the efficiency of the unit and when 
severely dirty will prevent the cooler from abstracting 
enough heat to keep the oil within the prescribed limits. 

Coolers must also be oil- and watertight, since any 
leakage between the two sides of the cooler will allow 
mixing of the water and the oil. 

a. possible trouble: 
excess scale on cooler tubes 

The collection of scale and dirt on the cooler tubes 
is a gradual process. The presence of scale and dirt is 
usually indicated by an increase in oil temperature, 
without any change in cooling water temperature, 
when the engine is operating under full load conditions. 
If this condition is serious, it may be accompanied by 
excessive pressure drop across the cooler. However, 
since such pressure drop is usually small, it should not 
be relied upon as an indication of trouble. 

1. Causes and prevention. Presence of excess scale 
on the cooler tubes may result from the following: 
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(a) Normal use. 

(b) Improper maintenance of zinc plugs and 

plates. 

(a) Normal use. The majority of the scale and de- 
posits on the water side of the cooler are not prevent- 
able as they are caused by normal operation. Timely 
removal of the deposits will reduce to a minimum the 
damage and operational difficulties they cause. 

The cooler should be inspected for excessive scale 
formation at 30- to 60-day intervals. This can usually 
be accomplished by removing the inspection plates, or 
the covers, that support the zinc plugs. If the scale is 
excessive, it should be removed as directed in the fol- 
lowing paragraph under 2. Repair. 

(b) Improper maintenance of%inc plugs and plates. When 
sea water is the cooling medium, zinc plugs or plates 
are inserted in the cooler to counteract the electrolytic 
action between the dissimilar metals. The zinc plugs 
or plates, or zincs as they are often called, must be 
inspected at 30-day intervals. At that time, they must 
be thoroughly cleaned. This can be accomplished 
easily with a steel brush. 

Failure to maintain the zincs properly will allow 
the white powdery formation to become excessive, 
often resulting in the reversal of the electrolytic action, 
which will cause severe deterioration of the cooler. 

When the zinc plugs or plates are 50 percent or more 
disintegrated, they must be replaced. 

2. Repair. There are two general types of lube oil 
coolers : shell-and-tube type with cylindrical tubes; and 
Harrison type with flat tubes or elements. In the shell- 
and-tube type, the cooling water passes through the 
tubes while the path of the oil is around and between 
the tubes. On the other hand, oil goes through the 
tubes or elements of the Harrison cooler and the cool- 
ing water passes over the outside of these elements. 

Since the two types of coolers are different in con- 
struction, different procedures are required for cleaning 
and repair. 

(a) Shell-and-tube coolers. The sea-water passages of 
this type of cooler can be cleaned readily by passing an 
air or water lance completely through each tube. In 
some cases, it may be necessary to supplement this bo- 
using a round bristle brush, or by passing soft rubber 
plugs through the tubes. In no case should a wire 
brush or rubber plugs having metal scrapers attached 
be used. These tools will remove some of the protec- 
tive coating formed on the tubes and cause local attack 
on the tubes with resultant early tube failure. This 
cleaning will be much more effective as well as more 
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Ions of pyridine to each gallon of muriatic acid. 
(.002 gallons is 34 ounce.) 

Tank No. 2 is rilled with cold water, and in tank 
No. 3 a 5 percent solution of sodium carbonate is pre- 
pared. A 5 percent solution by weight is roughly half 
a pound of sodium carbonate for each gallon of water. 

The heat exchanger unit is disassembled, the core 
being removed from the case when practicable, to 
facilitate access to the parts. The unit to be cleaned is 
supported by a wire and submerged in tank No. 1, 
which contains the acid solution. Foaming will start 
immediately, and continue as long as the cleansing 
action is taking place. As soon as the foaming ceases, 
the unit should be removed from tank No. 1, and 
placed for about one minute in tank No. 2, which con- 
tains the cold water. The unit is then removed from 
the second tank and immediately immersed in tank 
No. 3- If all the acid was not removed in the second 
tank, there will be a bubbling action when the core is 
inserted in the third tank. If the bubbling persists, the 
core should be allowed to remain in the third tank 
until the bubbling ceases. It is then removed and 
flushed with a hose connected to a fresh warm water 
supply, or if warm water is not available, to a cold 
fresh water supply. 

The procedure can be duplicated with the case and 
covers to remove any deposits from them. 

b. possible trouble: 
leakage of oil tubes 

The leakage of oil tubes is serious. If the water 
pressure is greater than the lube oil pressure within 
the cooler, the lube oil will become contaminated. 
Lube oil containing water is a poor lubricant and will 
ruin the engine bearing surfaces in a short time. The 
water also causes a corrosive action on the bearing 
metals and other engine parts. Leakage of the water 
into the lube oil is found by regular periodic inspec- 
tions of the lube oil for the presence of water. Another 
indication would be the apparent increase in the vol- 
ume of lube oil in the engine sump. 

If the lube oil pressure is greater than the cooling 
water pressure, the oil will leak and escape into the 
cooling water. This type of leak is discovered by 
the presence of oil slicks in the cooling water. If 
the coolant is sea water, it is discharged overboard. 
If the oil is cooled with fresh water, the most desir- 
able method, the oil will first be apparent in the 
expansion tank, and if the oil leakage is large, the 
expansion tank is liable to overflow. 

Another indication of oil leakage is the loss of oil 
from the sump without other apparent causes of the 
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leakage. In this case, where the lube oil pressure is 
greater than the water pressure, when the engine is 
operating, water is apt to enter into the lube oil when 
the engine is shut down. Often when the engine is 
shut down, the greater pressure of the water, due to 
its hydrostatic head being greater than that of the lube 
oil, will cause the water to leak into the oil side of the 
cooler and then find its way to the lube oil sump. For 
this reason, it is imperative that the engineer force 
check the lube oil for water before starting the engine each 
time it has remained idle for a period of three hours or longer. 

If the cooler is thought to be leaking, a positive 
check can be made by removing it from the engine, 
plugging the outlet of the cooling water side, and at- 
taching a low-pressure air hose to the inlet. A pressure 
gage should be included in this system to determine 
the pressure within the unit when testing. Both the 
inlet and outlet openings of the oil side of the cooler 
should be left open. The design pressure as given on 
the name plate should be checked. With the cooler 
submerged in a tank of fresh water, air is admitted to 
the water side, care being taken not to exceed the 
pressure specified on the name plate. Should there be 
any leaks, air bubbles will be seen escaping from 
the cooler. 

Causes and prevention. Leakage of oil tubes iscaused by: 

(a) Erosion. 

(b) Electrolytic action. 

(a) Erosion. The cause of most leaks is erosion of the 
tubes or core on the water side. Water, and particu- 
larly sea water, has a great erosive action on metal 
when the velocity exceeds six feet per second. 

To minimize erosion, the velocity of the water must 
be kept at or below a velocity of six feet per second. 
When the cooler becomes covered with scale and the 
oil side of the cooler needs cleaning, it is usually very 
difficult to maintain the temperature limits of the lube 
oil. Generally the first thing that the operator does is 
to increase the flow of the cooling water, thereby 
increasing the velocity of the water over the tubes and 
increasing the erosion by the action of the water. 

Tests have shown that the greatest problem in 
transferring the heat from the lube oil to the cooling 
water is on the oil side, getting the heat from the oil 
to the tube wall, rather than through the tube wall 
and into the cooling water. Under the usual condi- 
tions, it is approximately ten times as difficult to 
transfer the heat from the oil to the tube wall as it is to 
transfer the heat from the tube wall to the cooling 
water. 

Since the heat transfer difficulty is on the oil side, 
the effects of increasing the water velocity arc small. 
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2. Repair. Stuffing box leaks can usually be stopped, 
if the valve stem is in good condition, by setting up on 
the gland. If this does not stop the leakage, it will be 
necessary to repack the stuffing box. 

Should the stem be bent or scored, it will first be 
necessary to straighten it. 

If the packing is old and deteriorated, it must be 
replaced. Packing is supplied in three forms: 

(a) String type. The packing is in a continuous roll, 
usually of a square cross-section. 

(b) Ready formed washer type, usually split to 
allow it to slip over the stem. 

(c) Putty-like compound. 

Type (a) is by far the most common packing used. 
The gland is packed by passing successive turns of 
packing in the space around the rod or valve stem. 
When putting in string packing, it must be wound in 
the same direction as the threads on the nut; that is, if 
the packing nut is turned to the right (clockwise) to 
be tightened, the string packing must also be installed 
clockwise. If the nut is left-handed, the packing must 
be installed in a counterclockwise direction. The ends 
of the packing should be cut on a bevel to lessen the 
likelihood of leakage. 

Type (b) packing is also frequently used. If it is 
necessary to cut the rings in order to place them on a 
shaft, the cut must be made at an angle to produce a 
beveled joint. Thus, the pressure of the nut tends to 
seal the joint, preventing leakage. 

6C3. Check valves. Check valves are valves used 
to allow the fluid within a line to flow in one direction 
only. The majority of check valves are actuated by a 
light spring that seats the valve when the flow ceases. 
With the check valve seated, it is impossible for the 
fluid to back up, or to drain. 

a. possible trouble: 

LEAKING CHECK VALVE 

1. Cause and prevention. Leakage is caused by a 
pitted valve or valve seat. Such pitting usually results 
from abrasives becoming caught beneath the valve. 

2. Repair. If the check valve is a ball, it will be 
necessary to replace it and to refinish the seat. If it is 
a flat or conical check valve, it will usually be possible 
to repair the damaged surface by lapping the surfaces 
together with a fine lapping compound. 

When installing or replacing check valves, it must 
be remembered that the fluid will flow through them 
in only one direction. Be sure that they are installed 
correctly. 
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6C4. Pressure regulating valves. Pressure regu- 
lating valves are required in a lube system in order to 
maintain an even lube oil pressure as the engine speed 
changes. All lube oil pumps are of the positive dis- 
placement type; therefore it is essential that excess oil 
be afforded some means of escape in order to prevent 
extremely high pressures in the lines and at the bearings. 

a. possible trouble: 
defective pressure regulating valve 

Defective pressure regulating valves are evidenced 
by low and erratic lube oil pressures, and are most 
noticeable when the lube oil temperature is high. 
There are many other factors that will cause the same 
symptoms, such as a clogged filter or cooler, worn oil 
pump, loose bearings, low oil level, high oil tempera- 
tures, lube oil dilution, and lube oil leaks. 

1. Causes and prevention. 

(a) Loose lock nut. 

(b) Scored valve. 

(c) Broken spring. 

(d) Sluggish valve. 

(a) Loose lock nut. If the adjusting screw lock nut 
becomes loose, it will allow the adjusting screw to 
back off, thus decreasing the tension in the spring and 
the load on the valve. 

(b) Scored valve. Scored and pitted valves and valve 
seats will cause poor pressure control. When the seat 
and valve become badly pitted, the operation of the 
valve will often be irregular, sometimes maintaining 
the normal pressure and at other times allowing it to 
fall below the required pressure. 

(c) Broken spring. A broken valve spring will cause 
the pressure to drop, as the valve will be loaded with, 
at best, a smaller force. 

(d) Sluggish valve. Should the assembly become 
gummed due either to the oil or foreign particles in 
the oil, the valve will probably hang open, thus offer- 
ing no restriction to the amount of oil bypassed. This 
effect will be more noticeable at the lower speeds. 

2. Repair. Most pressure regulating valve failures 
are due to wear. For this reason, the engineer force 
must keep a record of the rate of wear on the valves 
and replace them when necessary. 

Gum and resinous deposits should be removed from 
the valve with Carbon and Lacquer Removing Com- 
pound (Fed. Std. Stock Cat. No. 51C-1567-56). The 
valve can be cleaned further by lapping with rouge. 

6C5. Temperature regulating valves. Temperature 
regulating valves are used to control the temperature 
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of the lube oil. They regulate the flow of water through 
the lube oil cooler. 

Regulating valves are thoroughly discussed on 
pages 150-155. 

D. OIL LINES AND PASSAGES 

6D1. Cleanliness. It is absolutely necessary that 
all lube oil passages be kept clean and unrestricted to 
insure a sufficient quantity of lubricant to the moving 
parts. 

a. possible trouble: 
plugged lube oil lines 

Clogged passages may be indicated by increased oil 
pressure gage readings. However, to rely on such a 
means would be dangerous. If a stoppage should be 
located beyond the pressure regulating valve and also 
beyond the pressure gage, it is very doubtful that any 
pressure increase would be perceptible on the gage. 
The best way to ascertain whether or not a bearing is 
receiving oil, is to inspect it occasionally, just after 
the engine is shut down. It should be made certain 
that an abundance of oil is in the vicinity of the parts 
being lubricated. Another good check for bearing 
lubrication is to note the temperatures of the bearings 
after the engine has been shut down by feeling them 
with the hand. The operator should be able to keep 
his hand on them for only a few seconds. 

1. Cause and prevention. The cause of plugged lube 
oil lines is carelessness. Lube oil lines are not often 
found plugged. When they are plugged, it is due in 
most cases to dirt or other foreign matter that has been 
left in the engine through the carelessness of the crew 
when making repairs and routine inspections. 

Most oil line stoppages can be prevented by careful 
operation and observing a few rules of cleanliness: 

(a) Cotton waste should never be used about a diesel 
engine for cleaning purposes. 

(b) Paper towels should never be used, as they leave 
lint. Small bits are apt to be torn off which later may 
collect in the piping, etc. 

(c) Oil filters should be serviced at specified inter- 
vals. (See page 135 ) The filter case must be cleaned 
properly. Whenever the oil lines are removed, they 
should be blown out with compressed air. 

2. Repair. If any restrictions or dirt are found in 
passages, a stiff wire should be run through them, 
followed by flushing with a light oil, such as diesel 
fuel. They should always be blown out again with 
compressed air. 
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B. POSSIBLE trouble: 
CRACKED LUBE OIL LINES 

Cracked lube oil lines are difficult to locate if they 
are within the engine, unless a careful inspection is 
made of each individual line. Cracked lines on the 
exterior of the engine are readily detected by the ex- 
cess oil on the piping itself, and on the surrounding 
surface. 

1. Causes and prevention. Improper support is the 
most frequent cause of cracking. Lube oil line cracks 
are most often caused by vibration of the lines them- 
selves. Rarely is the crack due to excessive pressure. 
Light tubing and piping must be supported adequate! y 
at points along its length. If a pipe line or tubing is 
securely fastened at two places, and the two supports 
have relative motion such as vibration between them, 
trouble with cracking lines will be reduced or elim- 
inated. Once a crack has started, it usually spreads 
very quickly. 

2. Repair. Cracked lube oil lines should be replaced, 
if new ones are on hand, or if they can be obtained. 
When new lines are not available, repairs to the old 
lines must be made. Cracks at the ends of the line, 
such as at the base of the flare, can be repaired by form- 
ing a new flare. The extra material to form the new 
flare can usually be gained by rearranging the tubing 
or by eliminating all slack. 

If the line is made of copper tubing, the entire 
length of it should be fully annealed before any at- 
tempts are made to bend it or to put a new flare on 
the end. 

Copper is annealed by bringing it up to a dull red 
heat and then quenching it in water. 

When forming new flares, it is safer to form them in 
two or three steps, annealing the tubing between each 
step. The life of the flare will also be greatly increased 
if it is annealed after the flare is completed. 

If cracks occur along the line away from the ends, 
the type of repair will be very different. In the usual 
case, it will be necessary to form some sort of splice. 
To do this, a short piece of tubing is needed, of a 
diameter slightly greater than that which is being 
repaired, to act as a sleeve (see Figure 6-10). 

If the crack is not complete, it will be necessary to 
cut the tubing at the crack with a hack saw. The 
tubing should now be cleaned out thoroughly, first 
with a solvent such as gasoline or kerosene, and then 
flushed through with carbon tetrachloride. The sur- 
faces should then be cleaned thoroughly either by 
scraping or light filing. Before assembling the tube, 
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900 to 1400 hp 6 elements 

] 400 to 2000 hp 8 elements 

(e) Carelessness. Carelessness is responsible for much 
of the dirr found in the lube system of the average 
engine. Much dirt is admitted to the engine crank- 
case, and eventually washed into the sump, when the 
engine is being worked on. This dirt is brought in on 
shoes, tools, parts, rags, and so forth. It is most im- 
portant that every care be taken to keep the engine 
clean. The engine must never be left uncovered during 
overhaul periods, as dust and dirt will settle on the 
many engine parts. 



2. Repair. The filter elements must be replaced 
whenever they are clogged, regardless of whether or 
not the allowed number of engine hours have elapsed. 

When replacing filter elements, the following pre- 
cautions must be observed: 

(a) The case must be flushed thoroughly to remove all 
traces of dirt. 

(b) The new element must be positioned correctly. 

(c) All cover gaskets must be replaced if new ones 
are available. 

If the filter elements are plugged and no new ones 
available, it is possible to clean them partially by the 
same method outlined for fuel oil filters on pages 93-94. 
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CHAPTER 7 
COOLING SYSTEM 



A. GENERAL 

7A1. Introduction. The cooling system is pro- 
vided to keep engine parts and working fluids at safe 
operating temperatures. 

If the metal parts, such as liners, pistons, and valves, 
arc allowed to overheat, the tensile strength will be 
materially reduced, thereby accelerating wear and 
increasing the probability of failure. If overheating is 
sufficiently severe, the part will melt. Furthermore, 
overheating may cause undue expansion with resultant 
reduction of clearances between the working parts. 
The latter condition may result in seizure of such parts. 

Lubricating oil picks up heat from combustion, and 
also from friction in the bearings. This heat must be 
removed to retard oxidation of the oil and consequent 
sludging. Overheating of lubricating oil will also 
cause a reduction in viscosity, or thinning, of the oil 
that may permit rupture of the oil film. 

Some supercharged engines have air coolers down- 
stream of the blower to reduce the volume of a given 
weight of air, thereby allowing more pounds of air to 
be taken into the cylinder. 

The cuantity of heat removed from a diesel engine 
by the cooling system is usually approximately equal 
to the quantity of heat that is transformed into useful 
work by the engine. 

In marine installations, most of the engine parts and 
lubricating oil are cooled by circulation of sea water 
and fresh water, or both. Antifreeze is sometimes sub- 
stituted in cold climates. In certain engines cooling 
of the pistons is largely accomplished by spraying or 
circulating oil inside them. This oil is subsequently 
cooled by circulation through an oil cooler. 

In the open type cooling system, only sea water is 
circulated through the engine cooling jackets and oil 
cooler. 

In the more modern closed cooling system, only 
fresh water (or antifreeze) is circulated through the 
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engine cooling jackets. The fresh water is subse- 
quently cooled by sea water in a heat exchanger. Oil 
may be cooled either by fresh water or by sea water. 

Engine jacket water temperatures must be main- 
tained high enough to hinder the condensation of 
corrosive gases on the cylinder walls. The lowering of 
the jacket temperatures to the point where ignition 
lag is increased, which will cause detonation, or 
rough running, must also be prevented. 

The jacket water temperatures must be maintained 
low enough to prevent formation of steam pockets in 
isolated spots. These so-called local hot spots cannot be 
cooled adequately because of the absence of the proper 
quantity of coolant. 

Consequently, much attention muse be given to 
maintaining engine cooling water temperatures within 
the limits specified by the engine manufacturer. Varia- 
tion from specified temperatures is an indication of 
impending trouble. 

The major problems encountered are: maintenance 
of circulating pumps in operable condition; prevention 
of corrosion; reduction of tendency of scale to form in 
the jackets and heat exchangers; proper cleaning pro- 
cedure for jackets and heat exchangers; and prevention 
of leaks in various parts of the system. 

The operator of a particular engine should study its 
cooling system flow diagram, and become familiar 
with the various components of the system. An at- 
tempt should be made to visualize the probable exter- 
nal indications of future trouble. 

B. HEAT EXCHANGERS 

7B1. General. There are two types of heat ex- 
changer in general use by the Navy. These types arc: 

1. Harrison type. 

2. Shell-and-tube type. 

Heat exchangers are devices used to cool one fluid 
by transferring the heat to another fluid. The two 
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c. possible trouble: 

LEAKY COOLER 



Leakage in the fresh water cooler may be either in 
the element or from the casing. Leakage from the 
casing may be observed readily during the frequent 
inspections for leaks that should be made of the cool- 
ing system. If a cooler gasket is damaged, the heat 
exchanger should be removed from the piping so that 
the flange faces may be tightened evenly after installa- 
tion of a new gasket. 

Leaky elements are more difficult to detect. How- 
ever, an appreciable decline or rise in the fresh water 
tank level (at the same temperature) usually indicates 
leakage. Hydrostatic testing of the cooler elements is 
the surest method of discovering leaks.' 

To test the cooler element for leakage: 

(a) The element must be removed from the 

casing. 

(b) The discharge side of element is blocked off. 

(c) A pressure gage is attached to the inlet line 

of the element. 

(d) Low pressure air is admitted to the inlet side 

of the element, and the element is im- 
mersed in a tank of water. The pressure 
shown on the heat exchanger name plate 
must not be exceeded. 

(e) Careful observation is made to detect any 

bubbles issuing from the element, for 

this indicates leakage. 
The above test may also be performed without im- 
mersing the element, by filling it with water under 
pressure. 

1. Causes and prevention. Leaky cooler elements are 
due mainly to: 

(a) Corrosion of the element. 

(b) Erosion of the element. 

(c) Operation at excessive pressure. 

(a) Corrosion of the element. Corrosion may be either 
localized or general in extent. Usually, when a hole 
has been formed by corrosion, there is a strong prob- 
ability that corrosion has occurred throughout the 
element. Inspection should be made to determine if 
this is the case. 

Corrosion may be effectively reduced by the follow- 
ing practices: 

(1) Regular treatment of all fresh water used in the 
cooling jackets in accordance with Chapter 41, Sec- 
tion II, Part 10 of the Bureau of Ships Manual. 

(2) Inspection of the zinc plugs and plates when the 
cooler is first put into service. Later, on the basis of 
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these inspections, it will be possible to predict the life 
of zincs in a particular installation. Hints on how to 
inspect, and when to replace zincs are given on 
pages 127-128. 

(3) All coolers should be vented to remove en- 
trapped air. This hinders corrosion, and also fills the 
coolers with water, insuring against reduced effi- 
ciency caused by air binding. Inspection should be 
made to insure that the water is not being aereated by 
air leaking into the system through the pump seals. 

(b) Erosion of the element. Eroded holes are caused, in 
most cases, by the impingement on the element of grit 
particles at high velocity. This grit may be intro- 
duced through a defective sea-water strainer when the 
ship is in shallow water. The strainers must be kept 
in good condition. 

Increasing the water flow above rated capacitv 
should be avoided, as the water at high velocity can 
alone cause erosion by cavitation. In installations 
where several pumps take suction from the same sea 
chest, excessive velocities through the heat exchanger 
may exist when only a few of the pumps are being 
operated. This is due to the property of a centrifugal 
pump which causes a greater discharge when the head 
(suction head in this case) on the pump is reduced. 
Head, on salt-water pumps, should be regulated bv 
partially closing the discharge valve when other sea- 
water pumps taking suction from the chest are not 
operating. 

The cooler should be cleaned when it is found that 
proper fresh-water temperatures cannot be maintained 
without greatly increasing the flow of sea water. 

(c) Operation at excessive pressures. The maximum 
operating pressure is stamped on heat exchanger name 
plates. Care must be exercised never to exceed this 
pressure. 

When exchanger elements become clogged with 
scale or other material, more water must be circulated 
to obtain the same cooling effect. More pressure is 
necessary to force a given quantity of water through 
the exchanger when it is clogged. 

Heat exchanger elements must be kept clean. 

2. Repair. See 2. Repair, page 127. 

7B3. Shell-and-tube type. This type of heat ex- 
changer is shown in Figure 7-1. It is usually cmploved 
where large capacity is required. 

In principle it is exactly like the Harrison type and, 
consequently, the troubles encountered in both are 
quite similar. However, some cleaning practices are 
not applicable to both types. 
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A. possible trouble: 

EXCESSIVE SCALE DEPOSIT ON COOLER TUBES 

Sec a. Possible trouble: Excessive scale on cooler element \ 
pages 138-139. 

1. Causes and prevention. See Causes and prevention , 
pages 138-139. 

2. Repair. Shell-and-tube type heat exchangers are 
never to be cleaned by use of acid. An air or water lance 
is to be used in removing scale deposits. The use of 
steel bristle brushes is not advised, as they will scratch 
most tubes and thereby accelerate corrosion. 

b. possible trouble: 
clogged cooler element 

See b. Possible trouble: Closed cooler element, page 
139. 

1. Causes and prevention. See Causes and prevention, 
page 139. 

2. Repair. The deposits should be removed with a 
water or air lance. Oil films may be removed by flush- 
ing thoroughly with steam. Circulation of carbon 
tetrachloride, or a similar solvent, is not generally 
advisable due to the great quantities necessary for 
large coolers. 

c. possible trouble: 

LEAKY COOLER 

See c. Possible trouble: Leaky cooler, page 140. 

1. Causes and prevention: See Causes and prevention, 
page 140. 

2. Repair. A leaky tube must be replaced at the 
earliest opportunity. In most instances, it will be pos- 
sible to block off the faulty tube by inserting a wooden 
plug in each end, until it is possible to replace it. 

C. PUMPS 

7C1. General. The following are the principal 
types of pump used in Navy diesel cooling systems: 

1. Centrifugal 

2. Gear 

The circulation of salt or fresh water or both in the 
engine cooling system is accomplished by pumps. 
Some engines are also equipped with pumps which aid 
in removing water from the bilges. 

The rate of flow of the coolant is controlled by vari- 
ation of pump speed, or by manual or automatic 
adjustment of valves. The quantity of flow required 
varies with engine speed, load, etc. 
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In general, three classes of cooling system pumps are 
in use in the Navy : centrifugal, gear, and plunger. As 
the latter type is not so widely used in conjunction 
with diesels, it will not be discussed separately. 

On some engines, the cooling pumps may be directly 
driven through gears or belts. On other installations, 
they are sometimes detached and driven separately by 
electric motors. In many installations, both attached 
and detached pumps are used. Detached pumps in that 
case are used for standby service; also for priming and 
after cooling, when engines are shut down. 

Pumps must be maintained in good condition to 
avoid a reduction in their capacity. Insufficient capac- 
ity might endanger the engine in an emergency, when 
full speed and power are required. Particular atten- 
tion should be given to maintenance of pump clear- 
ances as specified in the instruction manual, and to 
proper packing of pumps. 

7C2. Centrifugal pumps. Centrifugal pumps are of 
many varied types. They may be separately driven or 
attached to the engine, single or double suction, open 
or closed impeller, reversible or nonreversible, etc. In 
all centrifugal pumps, however, water is sucked into 
the center of the impeller and thrown at high velocity 
into the casing surrounding the impeller, where the 
velocity is largely changed to pressure. 

In all such pumps, sealing devices, usually of the 
stuffing box type, are provided to prevent leakage of 
water, oil, grease, or air around the impeller shaft, or 
around the impeller shaft sleeve when this sleeve is 
used to protect the shaft. 

Generally, the clearances between the impeller and 
case must be small in order to reduce the internal leak- 
age. Wear rings are frequently employed between the 
impeller and case, so that the desired small clearances, 
when lost, may be regained readily by replacing these 
rings. The rings are designed to take most of the wear 
(see Figure 7-9). Figure 7-3 illustrates one type of 
centrifugal water pump employed in diesel engine 
service in the Navy. 

It should be remembered that all centrifugal pumps 
are extremely sensitive to restrictions in their suction 
piping. The suction screens and piping must be kept 
clean. The suction lift should be as small as possible, 
or the suction should be under a positive bead when 
practicable. The suction lines should be kept short 
and with as few bends as possible. This is particularly 
important where hot fluids are being pumped, as they 
tend to vaporize under high suction lifts, increasing 
the probability of cavitation and loss of suction 
through vapor lock. 
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Figure 7-9. Location of war rings on difforont typos of centrifugal pumps. 



h. possible trouble: 

POOR CONDITION OF SHAFT BEARINGS 

The discovery of this trouble may be preceded by 
rapid wear of the packing or other shaft seals. Re- 
placement of the packing will be found ineffective in 
stopping leaks. This is due to the shaft dropping and 
resting on the packing as a bearing. 

Excessive end play of the rotor shaft may also be 
caused by poor condition of the bearings. 

Bearings should be inspected carefully for signs of 
pitting or scoring: This is especially important in the 
case of frictionless bearings. Overheating of friction- 
less bearings may be caused by overlubrication (see 
Chapter 16). 

1. Causes and prevention. The principal causes of 
frictionless bearing failure are discussed in Chapter 16, 
and those for journal bearing failure in Chapter 15. 
However, one cause most prevalent in sea water 
pumps is entry of sea water into bearings. Sea water 
quickly ruins bearings by corrosion. Sea water gener- 
ally enters bearings by leaking past shaft seals. 

In some sea water pumps, water leaking from the 
stuffing box leaks into the "cradle" below the stuffing 
box. Unless the cradle drain hole is unobstructed, 
water may fill up this cradle and leak into the bearing 
housing. This drain hole must be inspected frequently 
and kept clean and unobstructed. 

The bearing housings should be inspected for signs 
of salt water entry when the pump is being repacked. 

2. Repair. The bearing must be replaced in accordance 
with the instruction manual. Oil and water seals 
must be in proper condition before placing the pump in 
service. The bearings must not be overlubricated. 

i. possible trouble: 

EXCESSIVE WEAR OF WEAR RINGS 

A reduction in pump capacity, inability to develop 
rated pressure, or complete failure of the pump to 
deliver water may be caused by excessive wear of the 
wear rings. Not all centrifugal pumps arc equipped 
with these rings. 



1. Causes and prevention. Wear of the wear rings is 
expected. They are designed to wear instead of the case 
or rotor. However, the life of wearing rings is greatly 
reduced by: 

(a) Allowing the pump to run dry. 

(b) Pumping fluid containing abrasive material. 

(a) Allowing the pump to run dry. See page 145- 

(b) Pumping fluid containing abrasive material. See 
page 146. 

2. Repair. Replace worn rings. 

7C3. Gear pumps. These pumps are of the posi- 
tive displacement type. They are identical in principle 
of operation with the gear type lubricating oil pumps. 
They may be attached to the engine, or driven by a 
separate motor. The pumping gears are constructed of 
metal or moulded neoprene. Two common types arc 
illustrated in Figure 7-10. 

In some pumps, the gears do not contact one another. 
This greatly reduces pumping gear wear. This prin- 
ciple is similar to that employed in the gear type 
Roots blower, discussed in Chapter 2. In such cases, 
it is imperative that the driving gears be timed so that 
contact between the pumping gears does not occur. 

The sealing devices employed to prevent the leakage 
of oil, grease, or water are so similar to those used in 
centrifugal pumps that reference may be made to the 
material dealing with seals on centrifugal pumps. 

a. possible trouble: 
insufficient discharge 

This trouble is recognized by a rise in the water and 
lube oil temperatures. If no water is being circulated, 
this should be noted immediately after starting the 
pump. A careful inspection should be made immedi- 
ately after starting the pump to see that the water is 
being circulated. Extreme damage to the pump, cyl- 
inder block, liners, heads, and other costly engine 
parts can occur if this precaution is not practiced 
religiously. 

1. Causes and prevention. The usual causes of insuffi- 
cient discharge are: 
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7D2. Manually operated valvar. general. Manu 
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A. possible trouble: 

EXCESSIVE SCALE FORMATION IN PASSAGES 

This trouble is difficult to recognize by any means 
other than visual inspection; and even this is quite 
difficult in many engines. Unfortunately, the effects 
of this trouble may manifest themselves in the form of 
cracked blocks, liners, cylinder heads, exhaust mani- 
folds, scored pistons and liners, or other serious 
derangements. Cracks are caused by uneven cooling of 
the parts due to blankets of scale. It is advisable to 
take every possible step to minimize scale formation, 
and to make inspections of cooling passage surfaces at 
every opportunity. When no other means of inspec- 
tion is available, a fair check of the jacket condition 
can be made by inspection of the inside of the jacket in 
the vicinity of inlet and outlet connections. 

1. Causes and prevention. Complete prevention of 
scale formation is impossible when sea water is circu- 
lated through the cooling passages. It can be mini- 
mized, however, by the maintenance of proper cooling 
water temperatures. Sea-water temperatures should 
never exceed 130° F. 

Control of scale formation is much easier in closed 
cooling systems because it is possible to treat the 
coolant chemically. 

The principal causes of rapid scale formation in open 
and closed cooling systems, respectively, are: 

(a) Operation with elevated sea-water tem- 

peratures. 

(b) Use of hard fresh water in closed cooling 

systems. 

(a) Operation with elevated sea-water temperatures. 
Where the open system of cooling is employed, it is 
imperative that the discharge temperature of the sea 
water be limited to 130° F. If possible, a 125° F dis- 
charge temperature is preferable (see a. Possible trouble: 
Excessive scale on cooler element, pages 138-139). 

(b) Use of hard fresh water in closed cooling systems. See 
a. Possible trouble: Excessive scale on cooler element, 
pages 138-139. 

2. Repair. Scale removal from cooling passages is 
effected by chemical treatment, because mechanical 
cleaning is impractical. Scale should be removed by 
treatment with hydrochloric acid, pyridine (an inhibi- 
tor to reduce attack on metal by the acid), and fresh 
water. In closed systems it is generally possible to 
circulate this cleaning solution, but in open systems it 
may be necessary to block off all connections, fill the 
system with cleaner, and allow it to set. 

Full instructions for the cleaning of cooling water 
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passages will be found in the Bureau of Ships Manual, 
Chapter 41, Section II, Part 10. 

b. possible trouble: 
corrosion of cooling water passages 

If the corrosion is sufficiently severe, it may be 
discovered by the observation of leaks through the 
passage walls. Pitting of the water passage walls, or 
accumulation of rust in passages, indicates corrosion. 
However, as corrosion is difficult to recognize until 
damage has been done, it is highly desirable to take 
every possible preventive measure. 

1. Causes and prevention. Corrosion may be of several 
different types. Some of the causes of corrosion arc: 

(a) Improper of cooling water. 

(b) Failure to use rust inhibitor. 

(a) Improper ' 'pH' ' of cooling water. The symbol is 
an index of the comparative acidity or alkalinity of 
cooling water. The proper range of to prevent 
corrosion may be determined by use of the corrosion 
control indicator described in the Bureau of Ships 
Manual , Chapter 41. If the test indicates improper 
^H, it is necessary to treat the cooling water as 
specified in Chapter # 41, Part 10. 

(b) Failure to use rust inhibitor. Rust in the cooling 
system indicates corrosion by oxidation. This type of 
corrosion cannot be entirely prevented by treatment 
with trisodium phosphate. 

For better control of the rust, soluble-oil type in- 
hibitors have been developed which, when added to 
the cooling system in a quantity equal to 1 percent of 
the total capacity, will coat the cooling surface with 
an extremely thin protective film. It should be remem- 
bered that this treatment will not be fully effective 
unless the cooling passages have been thoroughly 
cleaned prior to treatment. 

c. possible trouble: 

LEAKY COOLING PASSAGES 

If the leaks are external, they are readily detected 
when routine inspections of the cooling water systems 
are made. However, if the leaks are so located that 
they are not externally visible, they may not be de- 
tected until the lubricating oil is discovered to be 
contaminated with water, or evidence of water is 
noted in the engine cylinders. 

Water in lube oil may frequently be detected by 
noting an emulsion or cloudiness of the oil on the dip 
stick, or by centrifuging a small sample of the lube oil. 
It should be remembered, however, that small amounts 
of water in the lube oil are inevitable because of the 
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condensation of steam (present in the gases of com- 
bustion) in the crankcase. Any indication of unusually 
large quantities of water should be cause to suspect 
that water is leaking into the system. 

Water in the cylinders may be detected when the 
engine is barred over with the indicator cocks open, 
prior to starting after a shutdown. The engine must 
not be started when any appreciable amount of water 
is discovered in cylinders until the source of the water 
has been definitely established and the trouble reme- 
died. The presence of an appreciable quantity of water 
in the combustion chamber during the compression 
stroke is as dangerous as a corresponding amount of 
metal. 

1. Causes and prevention. Leaky cooling passages arc 
due to: 

(a) Cracked walls. 

(b) Corroded walls. 

(c) Poor condition of gaskets. 

(a) Cracked walls. Cracking of cooling passage walls 
may be the result of uneven cooling of the metal, or of 
subjection to high stresses from mechanical shock. 

The cooling water must be maintained at the tem- 
peratures specified in the instruction manual, and the 
cooling passage walls must be kept scale free. Cold 
water must never be added to a hot engine, for this 
may result in uneven cooling and possibility of frac- 
ture from thermal stresses. 

Cast iron cooling passages are sensitive to shock. 
Detonation of explosives, striking with hammers, etc., 
can cause cracks to develop. The engine must be 
properly mounted to prevent harmful vibration that 
may cause cracks. Insecure mounting, due to loose- 
ness of mounting bolts, must not be permitted. 

(b) Corroded walls. Corrosion may so weaken the 
cooling passage walls that holes are developed by 
erosion. In closed cooling systems, treatment of the 
fresh water to inhibit corrosion will reduce such 
casualties. In sea-water systems, proper attention to 
the maintenance of zinc plugs and plates is necessary to 
inhibit corrosion (see c. Possible trouble: Corroded zinc 
plugs and plates, pages 127-128). 

(c) Poor condition of gaskets. The majority of the 
cooling system leaks are caused by the poor condition 
of gaskets. Much difficulty can be avoided by proper 
attention to gasket maintenance. A poor gasket must 
never be installed, as it can lead to serious trouble later. 
A small leak, initiated by a poor gasket, can cause 
corrosion and erosion of costly metal parts in the 
vicinity of the leak. 

When facilities and experienced personnel are avail- 
able, many cracks can be repaired by welding. 



2. Repair. Small cracks in cooling passage walls 
can .be repaired satisfactorily by a drilling, tapping, 
and peening process when the cracked member is one 
that is not normally subjected to much stress. Such 
processes are used instead of welding when welding is 
impossible or very difficult. The processes, one of 
which is referred to as Metalock, are not approved for 
such repairs on all types of equipment. Generally, 
these should be used only where stresses are not too 
high, and where possible failure of the part will not 
be a serious threat to the operation of the vessel in an 
emergency. For further information on Metalock and 
related processes, see Chapter 10. 

Leaks from gaskets are easily repaired by replace- 
ment of the faulty gasket. The surfaces between which 
the gasket is to be placed must be clean and free from 
projections that will interfere with proper sealing. 

7E3. Piping. Cooling system piping, as used in 
conjunction with diesel engines in naval service, is of 
several different types. It is therefore advisable for the 
engineering force to be familiar with the proper 
installation and maintenance procedure for all types 
of piping. 

Sea-water piping is almost universally seamless 
copper-nickel brass or copper tubing. Connections 
between lengths of tubing are made either by silver 
soldering or brazing, or use of flared fittings. Soft 
solder has been used in the past, but it is being sup- 
planted by silver alloy brazing. No type of fitting 
which crimps or nicks the tubing is permitted. For 
this reason, ferrule type fittings should be replaced 
with the flared type at the earliest opportunity. 

Fresh-water piping is usually galvanized steel tub- 
ing. Small lines, or those in which sharp bends are 
unavoidable, are frequently of copper tubing. Flared 
joints are used with this tubing. 

Larger sizes of copper and brass tubing, or pipe (pipe 
is thicker than tubing by an amount known as the 
threading allowance) are fitted with flanges to permit 
rapid coupling. Some form of gasket is provided 
between flanges to aid in sealing. 

Flexible metal tubing is often used between the 
engine and piping which is rigidly secured to the hull. 
This has the effect of greatly reducing the transmission 
of vibration to the piping, thereby lengthening its 
useful life. 

Lines must be kept clear, as any restriction to the 
flow of cooling water may result in a part becoming 
overheated and failing. 

Leakage of lines is a source of great annoyance, and 
gives an impression of general laxness on the part of 
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the engineering force. Making connections with care 
will eliminate much of this trouble. 

a. possible trouble: 
clogged water line 

This trouble may become evident when it is noted 
that no water, or not enough water, is being circulated 
to any part of the engine. Inspection of the lines by 
disconnecting them and attempting to blow through 
them will aid in discovery of such a condition. 

Clogging should not be permitted, as it imposes an 
extra load on the water pumps, and it may be instru- 
mental in causing loss of suction. In most cases, how- 
ever, clogging will affect the coolers more quickly 
than the piping, because of the much smaller passages 
in the coolers. 

1. Causes and prevention. The conditions that usually 
lead to clogging of water lines are: 

(a) Poor condition of strainers. 

(b) Excessive scale formation. 

(a) Poor condition of strainers. If the strainers are not 
operating properly, they may allow seaweed and other 
debris to clog the salt water lines. The most serious 
effect, however, of poor condition of the strainers, is 
the quick clogging of the numerous small passages in 
the coolers. The strainers must be kept in good 
condition. 

(b) Excessive scale formation. Scale inside the piping 
is of two general types : hard water scale and rust scale. 
Rust is readily identified by its reddish-brown appear- 
ance; hard water scale, generally called simply scale, 
usually ranges from white to gray in color. If rust is 
detected in the fresh-water piping, treatment of the 
fresh water with soluble-oil type rust inhibitor is 
indicated. The formation of scale may be greatly 
reduced by treatment of the fresh water with tri- 
sodium phosphate (see a. Possible trouble: Excessive 
scale on cooler element, pages 138-139) and by main- 
tenance of the sea-water temperatures below the 
recommended maximum. 

2. Repair. Lines clogged with seaweed or debris 
may be freed by running a stiff wire through them. 
Scaly rust may be blown out with a steam or air hose. 
Hard water scale must usually be removed by circu- 
lating cleaning solution through the engine cooling 
system. See Bureau of Ships Manual, Chapter 41, 
articles 506 to 511. 

After it has been cleaned, the piping should be 
inspected for signs of excessive corrosion or erosion. 
Deep pitting, which may cause leaks to develop later, 
usually necessitates replacement of the piping. 
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B. POSSIBLE trouble: 

LEAKY WATER PIPING 

This trouble is readily discovered when the cooling 
system is inspected. 

Careful inspections of the cooling system must be 
made once each watch, or at such intervals as the 
engineering officer considers necessary. However, 
operating personnel must be continually alert for 
incipient leaks and other troubles before they have 
become so serious as to require considerable time for 
repair. 

Much of the difficulty with leakage around connec- 
tions, and in the piping proper, can be prevented by 
proper anchorage of the piping. Much vibration can 
be eliminated by simple alterations of pipe supports; 
in some cases, an extra point of support will be a 
great help. 

Men should be cautioned against using piping for 
hand or foot holds, for securing chain falls, or for 
supporting weights. 

1. Causes and prevention. Leaky water piping is, as 
a rule, a result of: 

(a) Poor piping connection. 

(b) Hole in the piping. 

(c) Vibration of the piping. 

(a) Poor piping connection. Connection of piping is 
accomplished by the following general means: 

(1) Welding. 

(2) Brazing. 

(3) Silver soldering. 

(4) Flanged connection. 

(5) Flared connection. 

(6) Threaded connection. 

(7) Combinations of the preceding. 

From this list it is evident that members of the 
engineering force must have considerable knowledge 
to cope with difficulties arising with these various 
types of connections. Familiarity should be acquired 
with each type. To avoid trouble, the precautions 
given below should be observed in making connections. 

(1) Welding. This method is used upon steel tubing. 
Special weld fittings are used. The surfaces to be 
welded must be very clean. All slag, rust, and scale 
must be removed prior to welding. A wire brush, 
emery cloth, or file should be used to clean the surfaces. 
Loose weld beads must be removed from the interior 
of the piping. 

(2) Brazing. Most copper, brass, and copper-nickel 
tubing is silver brazed. Such joints arc far more 
resistant to vibration and elevated temperatures than 
soft soldered joints. 
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occur. A dangerous degree of clogging may result 
from failure to clean the strainer at frequent intervals. 
Only by careful inspection of the strainer baskets at 
frequent intervals can the need for cleaning be recog- 
nized. In some installations, inspection is facilitated 
by a plastic or glass strainer housing. In other cases, 
it is a very simple matter to unscrew the hold-down 
clamps and remove the basket for inspection and for 
cleaning, if necessary. 

2. Repair. Cleaning of seawater strainers is accom- 
plished by dumping debris from the basket and blow- 
ing out the mesh with compressed air. The housing 
should also be cleaned, if necessary, to facilitate 
replacement of the strainer basket. It should never be 
necessary to force the basket into place, as this may 
Cause it to be damaged. 

Collection of debris outside the basket will occur if 
the strainer is not installed with the arrow on the 
housing pointing in the direction of sea-water flow. 



b. possible trouble: 
corroded strainer basket 

This condition must be detected by inspection in 
order to avoid clogging of the sea-water passages in 
the coolers and elsewhere. Figure 7-27 illustrates 
portions of a yellow brass strainer that has been sub- 
jected to deztneification, a form of galvanic action. 

1. Causes and prevention. Corrosion is inevitable with 
most types of strainers. The life of strainer baskets 
varies from three months to a year or more, depending 
on sea-water temperature and other conditions. Where 
corrosion is very severe, the cause may be failure to 
use a proper strainer basket. In severe cases of corro- 
sion, yellow brass strainer baskets should be replaced 
with baskets of monel metal, copper nickel, or similar 
corrosion resistant metal. 

2. Repair. Corroded strainer baskets cannot be 
repaired successfully. A liberal replacement stock 
must be maintained. 
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A. INTRODUCTION 

8A1. General. It is the desire of every engine 
operator to have an engine that starts easily. Starting 
has been one of the major problems of the diesel en- 
gine. The majority of engines now in use by the Navy 
employ either a compressed air starting system or an 
electrical starting system. Other systems employed to 
start diesels are the cartridge starters and auxiliary 
gasoline engine starters. Inasmuch as the two latter 
systems are seldom used on naval vessels, they will 
not be discussed here. 

To have an engine that starts easily, it is important 
that all the engine systems be in proper working order. 
It is not enough merely to turn the engine over at the 
required starting speed. It is also necessary to have 
the fuel transfer pump, fuel injection pump, injectors, 
and the cylinder assembly all in good condition and 
properly adjusted. If these parts are not in good condi- 
tion or are improperly adjusted, the starting system 
will have to turn the engine over for longer periods of 
time to effect starting, thus greatly increasing the wear 
on and maintenance of the system. 

B. ELECTRICAL STARTING SYSTEMS 

8B1 . General. Electrical starting systems are be- 
coming more widely used. Although in previous years 
electrical starting systems were limited to smaller 
engines, such as the automotive or boat type, they arc 
now being used on some of the largest engines. 

The electrical system offers some advantages over 
the air starting systems. The most important advan- 
tage is that the starting air valves and all the asso- 
ciated parts are eliminated. 

Troubles encountered in the electrical starting sys- 
tems are relatively few. Most troubles develop from 
improper use, care, or maintenance. 

Batteries are not covered in this chapter, but are 
thoroughly covered in Chapter 9. 
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A. POSSIBLE trouble: 
DIRTY COMMUTATOR 

The electric starter motor, in order to have proper 
commutation, must be kept clean and remain dry at 
all times. 

1. Causes and prevention. Dirty and fouled starter 
motors arc caused by one or more of the following 
careless practices: 

(a) Removal of dust cover. 

(b) Water leakage. 

(c) Excess lubrication. 

(a) Removal of dust cover. Most starter motors are 
equipped with a dust cover to protect the commutator 
and windings. Frequently the cover will be removed 
and the operator will neglect to replace it. Often the 
cover is removed as an aid to ventilation and cooling, 
but this should not be done. The starter is used only 
for short periods of time and should not heat up exces- 
sively. The starter should never be operated for periods 
longer than 30 seconds. If the engine does not start in 
that length of time, something is wrong with it. The 
various systems should be checked in this case. Par- 
ticular attention should be given the fuel system, as it 
is in this system that the majority of starting troubles 
originate. 

(b) Water leakage. Electric starter motors are usually 
mounted low on the engine at crankshaft level; conse- 
quently, there is usually a water pump, oil pump, 
piping, or jacketed manifold mounted above it that 
provides a potential leak that will drip onto, or drain 
into, the motor. 

Such moisture, whether it be fresh water, sea water, 
or oil will not only cause the commutator to become 
fouled, but will also cause deterioration of the arma- 
ture and field windings and the shaft bearings. 

Every precaution must be taken to prevent moisture 
from reaching the starter. If the starter appears to be 
in a vulnerable spot, it is recommended that a sheet 
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metal shield be constructed above it to catch and carry 
away any oil or water that might drip onto it. 

(c) Excess lubrication. If the operator is careless 
about lubrication, he may put too much oil or grease 
in the shaft bearings. When this is done, the excess 
lubricant is liable to leak past the seal and onto the 
commutator and brushes. Inasmuch as oils and greases 
are poor conductors (although good insulators) the 
brushes will make poor contact with the commutators, 
causing sparking and heating of the commutator, and 
burning of the brushes. In the extreme case, the 
oil will oxidize and form a gum-like deposit on the 
commutator, causing further restriction to current flow. 

2. Repair. Methods used for cleaning commutators 
are dependent upon the severity of the case and the 
type of deposit. Grease and oil can safely be removed 
by using carbon tetrachloride. Carbon tetrachloride is 
recommended because it is noninflammable. Gasoline, 
kerosene, and alcohol should not be used as they are 
inflammable and the latter will, in addition, remove 
shellac should shellac be the protective coating for 
the windings. 

The commutator can be cleaned further by using fine 
sandpaper of a grade of 4/0 or finer. Carborundum or 
emery paper should not be used. 

If the commutator is scored, or is pitted, it will be 
necessary to turn it down on a lathe. After turning the 
commutator down, the insulating material between 
the segments must be undercut. 

b. possible trouble: 
burned brushes 

While brushes are subject to normal wear, with 
proper care they can be made to give extended service. 
Due to the high currents which flow when the starter 
is operating, the condition of the brush is of prime 
importance. If the brush is improperly cared for it 
will quickly burn out. 

1. Causes and prevention. Burned brushes are caused 
by: 

(a) Loose holders. 

(b) Improper seating. 

(c) Overload. 

(d) Dirty commutator. 

(e) Loose connections. 

(a) Loose holders. It is most important that the 
brushes be firmly supported in the correct position. If 
they are not supported properly, the area of contact 
will not be constant and thus the current per unit area 
at the point of contact will vary, resulting in an over- 
load when the area is small. 

Digitized:, CjOuQIC 



(b) Improperly seated. New brushes that are being % 
installed should first be secured in place, and then 
fitted to the curvature of the commutator. This is 
accomplished by wrapping a piece of light sandpaper 
around the commutator with the sand side out. With 
the brushes positioned, the armature is revolved sev- 
eral times until the brushes have become properly 
seated (see Figure 9-7, page 177). 

(c) Overload. Overloading of the starter will cause 
high currents in the brushes, resulting in overheating 
and burning. Overloading is usually encountered when 
the starter is run for periods longer than 30 seconds. 

(d) Dirty commutator. Oils, greases, and water will 
foul the commutator and cause excessive sparking be- 
tween the commutator and the brushes, thus causing 
high temperatures (see a. Possible trouble: Dirty com- 
mutator, page 163). 

(e) Loose connections. Loose connections cause added 
resistance, and consequently heat and sparking. All 
connections should be checked periodically for 
looseness. 

2. Repair. Burned brushes should be cleaned up, 
and if badly burned and worn, they should be replaced. 

To clean the brushes, they should be removed from 
the motor and washed in carbon tetrachloride. If the 
contact surfaces are filled with grease and dirt, they 
should be cleaned by reseating in the same manner as 
with new brushes; that is, by using sandpaper wrapped 
around the commutator. 

c. possible trouble: 

WEAK INSULATION 

Weak insulation is a hazard, inasmuch as it is liable 
to cause short circuits. It is an indication that total 
breakdown of the motor is imminent. 

To check the insulation resistance either of the fol- 
lowing two methods may be used. It is possible to 
check the insulation resistance without disassembling 
the motor. To do so, it is necessary to lift or insulate 
the ground brushes so as to prevent current flow. It is 
also necessary to remove the power cable. 

(a) The megohmmeter method. This method is the 
most convenient, inasmuch as the megohmmeter, 
sometimes called a megger, is a self-contained unit that 
gives the resistance directly. The meter reads in 
megohms (1,000,000 ohms). 

In using the megohmmeter, one of its leads is con- 
nected to the power terminal and the other to the 
ground. It must be made certain that the ground 
brushes do not make contact with the commutator 
and that the power cable is removed. If there is a 
solenoid starting switch mounted on the starter, the 
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megohmmcter lead should be connected after the 
switch. The second lead is connected to the ground. 

(b) The voltmeter method. This method is more 
intricate than the megohmmeter method. It requires 
some simple calculations, but will give satisfactory 
results. This method requires a d.c. power supply of 
about 220 volts, and a 500-volt voltmeter with a wind- 
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Schematic diagram for checking 
insulation resistance. 



ing resistance of about 100 ohms per volt scale reading. 

The insulation resistance is found by using the fol- 
lowing equation: 

R-R (E '~ E} 

In this equation, Ri is the insulation resistance de- 
sired, in ohms, and Ru is the total resistance of the 
meter. 

RM = rii x f M , when r M is the resistance per volt of the 
voltmeter, and p m is the full scale voltage of the volt- 
meter. 

El is the line voltage and E the voltage read on the 
meter with the following hookup. Note that the 
ground brushes must be lifted and held off the commu- 
tator by a piece of insulating material. 

It is impossible to state what the exact minimum 
allowable value of insulation resistance should be. It 
depends entirely upon the particular starter, and the 
conditions under which the starter will be used. When- 
ever the resistance falls below 0.5 megohms (500,000 
ohms), the starter should be checked thoroughly. 
However, if it is needed to start the engine it will be 
possible to use it even when the insulation resistance 
falls below 0.5 megohms. 

1. Causes and prevention. Insulation failure is caused 
by: 

(a) Overheating. 

(b) Moisture. 

(a) Overheating. Operation of the starter motor for 



long periods of time will cause excessive heating of 
the coils and windings. Exceptionally high currents, 
often as high as 500 amperes, are encountered when 
starting. The starter should never be operated for 
periods in excess of 30 seconds. The motor should be 
allowed to cool for 2 minutes between each 30-second 
period of operation. 
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Figure 8-2. Wiring diagram for checking resistance of the 
insulation, voltmeter method. 

(b) Moisture. Water is probably the greatest de- 
teriorating factor to insulation and is usually respon- 
sible for insulation failures. Whenever a motor has 
become submerged, the windings, commutator, and 
brushes must be thoroughly dried before any attempt 
is made to operate the motor. To accomplish the 
proper drying of the windings after submersion, the 
motor should first be disassembled. If the motor was 
submerged in sea water, it must be rinsed off thor- 
oughly with fresh water before drying. 

Drying can be accomplished either naturally or by 
"cooking" in a warm oven. Caution: Do not let the 
temperature get above 180° F. If the moisture boils, it 
will damage the windings. Sufficient time should be 
allowed for all the moisture to be driven from the 
center of the windings. The drying process can be 
checked periodically by taking readings of the insu- 
lation resistance. 

2. Repair. Faulty insulation requires that the arma- 
ture or field coils be rewound. Direct shorts in the 
armature can be located by the use of a "growler." 
This method is discussed on page 178. Field windings 
may be checked for short circuits as outlined on 
page 178. 

C. AIR STARTING SYSTEMS 

8C1. General. There are four principal elements 
to be considered in discussing air starting systems: 
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1. Compressor. 

2. Receiver or tank. 

3. Timing mechanisms. 

4. Air starting valves. 

8C2. Compressor. The air compressor requires a 
normal amount of attention if trouble and breakdowns 
arc to be averted. The air compressor has pistons, 
rings, cranks, and valves, as does the engine itself. 
Therefore, the compressor requires the same care and 
is subject to the same part failures as the main engine. 

a. possible trouble: 
compressor overheating 

Air compressors are either water cooled or air 
cooled. The construction and operation of the cooling 
system of a water cooled compressor very closely 
resembles the cooling system of the engine itself. 

Cooling troubles encountered in a water cooled 
compressor are discussed in Chapter 7. 

The air cooled type of compressor when overheated 
will operate at lowered efficiency, and increase the 
possibility of a compressor explosion caused by the 
combustion of the lubricating oil. 

1. Causes and prevention. Overheating of an air 
cooled compressor may be due to: 

(a) Cooling air flow restricted. 

(b) Cooling fins fouled. 

(c) Dirty air filter. 

(d) Restricted discharge. 

(e) Insufficient lubrication. 

(a) Cooling air flow restricted. Articles placed near the 
compressor will restrict the flow of air around it, and 
thus decrease the cooling by restricting the air supply 
to the fan. The fan must not be "choked" by placing 
boxes, cans, benches, etc., near it. 

(b) Cooling fins fouled. The cooling fins on all the 
cylinders, and on the inter and after coolers, must be 
kept clean. Oil and dust are good insulators and, if not 
removed, will restrict the amount of heat that can be 
transferred. This will cause the compressor to heat ex- 
cessively. The lower the temperature at which a com- 
pressor is operated, the .more efficiently it will operate. 

(c) Dirty air filter. The air intake filter must be kept 
clean. If the filter is allowed to become dirty and 
clogged, it will restrict the flow of air to the cylinder. 
This decreases the volumetric efficiency of the com- 
pressor which will necessitate running it for longer 
periods of time to develop the required pressure. 

(d) Restricted discharge. Restricted discharge valves, 
passages, and piping will cause higher pressures to be 
developed within the compressor cylinder. This re- 
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suits in higher temperatures and lowered efficiency. 
The discharge valves should be checked to see that 
they open fully. 

(e) Insufficient lubrication. Overheating may be due to 
lack of lube oil in the compressor sump. This causes 
excessive friction between the piston and cylinder, 
which greatly increases the rate of wear, and may pos- 
sibly cause the piston to bind in the cylinder. 

2. Repair. Overheating can usually be eliminated 
by correcting the conditions causing the excessive 
temperatures. 

b. possible trouble: 
excessive belt wear 

Some compressors are driven by a series of V-belts. 
Excessive wear and deterioration of these V-belts is 
caused by: 

(a) Incorrect tension. 

(b) Oil and grease. 

(a) Incorrect tension. Improper adjustment will cause 
excessive wear of a V-belt. If too loose, it will 
cause slippage and loss of power. If too tight, it 
will cause excessive tension in the cords of the belt, 
resulting in early belt failure. Overtightening of the 
belt will also cause high bearing loads on the shafts 
of the motor and compressor, resulting in greater 
wear and early failure of the bearings. 

The belt tension should be checked at regular inter- 
vals. The correct amount of belt play is usually given 
in the instruction manual. If specific information is 
not obtainable, a general rule is to tighten the belt so 
as to allow a maximum of 1 inch to V/2 inches deflec- 
tion from its normal position (see Figure 8-3). 




Figure 8-3. Checking belt tension. 



(b) Oil and grease. Cleanliness is also an important 
item in belt life. Grease and oil will cause deteriora- 
tion of the rubber and separation of the cord. When- 
ever oil or grease is spilled or found on a V-belt, it 
should be immediately wiped off with a dry cloth. A 
cloth saturated in carbon tetrachloride, or naphtha, 
should then be used to remove all remaining lubricant. 
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2. Repair. Worn belts must be replaced. It is advis- 
able to replace belts in sets when more than one belt is 
used. If only one of a set of belts is replaced, an exces- 
sive load will be placed on the new belt, since the old 
belts will have become stretched. An old belt in fairly 
good condition should always be saved. It may be 
combined with other used belts to make up a set at a 
later date. 

c. possible trouble: 

SQUEAKING V-BELTS 

1. Cause and prevention. V-belts often develop a 
squeaking sound caused by the glazing of the belt 
surface. This trouble is not serious but may be a 
source of annoyance to the personnel. 

2. Repair. The squeaking of a belt can be eliminated 
by applying chalk to the belt's surface. The chalk acts 
as a mild abrasive to cut the glaze. Leather belt dress- 
ing has often been used, but is not recommended as it 
causes belt deterioration. 

When applying chalk, care must be taken to insure 
that the line switch is off. The fact that the compres- 
sor is not running at the start of the chalking is no 
guarantee that it will not start before the operation is 
completed. The switch must be off, and a sign to that 
effect hung upon it. 

The chalk can be applied by turning the compressor 
over by hand, letting the belts wipe over the chalk. 
Chalk should never be applied while the compressor 
is running. 

8C3. Receiver or tank. The receiver or storage 
tank requires only a minimum of attention. It should 
be drained daily to eliminate the collected condensate. 
Condensate reduces the compressor capacity. If water 
is allowed to collect without daily draining, it is 
liable to be carried over into the engine where it will 
cause considerable damage. 

a. possible trouble: 
sticking safety valve 

Each receiver is equipped with a safety valve to 
protect it from excessive and unsafe pressures. The 
safety valve is placed between the compressor and 
the receiver. 

The problem in this case is to detect faulty safety 
valves before they are called upon to perform their 
function. This requires that they be inspected and 
tested regularly at given intervals. The recommended 
interval is once a week. They should be checked by 
running the pressure up to the popping pressure set on 
the safety valve. This can be accomplished by holding 
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the automatic shutoff switch closed until the desired 
pressures are reached. 

1. Causes and prevention. 

(a) Improperly adjusted safety valve. 

(b) Corroded safety valve. 

(a) Improperly adjusted safety valve. Failure of the 
safety valve to open at the desired pressure may be an 
indication that the valve is improperly adjusted. It is 
customary to seal the adjusting screws and nuts after 
the safety valve has been adjusted. The seal should 
not be broken, nor the adjustment tampered with, 
unless it is desired to make an accurate and true ad- 
justment. The safety valve can be adjusted most 
accurately by use of a dead weight gage tester (see 
Figure 19-3, page 331). Whenever a faulty or im- 
properly adjusted safety valve is discovered, it must 
be corrected immediately. 

(b) Corroded safety valve. Moisture will often collect 
in the safety valve, causing a small amount of corro- 
sion. The small amounts of corroded material are 
usually blown out when the safety valve is tested, 
before they have any appreciable effect. It is necessary 
to check the valves periodically to see that they oper- 
ate freely. 

2. Repair. A faulty safety valve must be replaced 
immediately, or repaired. The compressor must not 
be operated if the safety valve is known to be faulty, 
unless a man is detailed to stand by the pressure gage 
to see that the pressure does not rise above a safe value. 

8C4. Timing mechanisms: general. There are sev- 
eral types of timing mechanisms. The function of each 
is the same, however. It is to admit the starting air to 
the proper cylinder at the proper time. There are three 
general classes of timing mechanisms, namely: 
Direct mechanical lift. 
Rotary distributor. 
Plunger type distributor valves. 

8C5. Timing mechanisms: direct mechanical lift 
type. This type system employs equipment similar to 
that found elsewhere on the engine, in that it uses 
cams, push rods, and rocker arms. These parts are 
subject to the same failures as are the corresponding 
major engine parts. 

a. possible trouble: 
improper adjustment 

1 . Causes and prevention . 

(a) Improper lift. 

(b) Improper timing, 
(a) Improper lift. The starting air cam should give 
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can often be corrected by increasing the initial tension. 

(d) Actuating pressure not released. Should the air 
passages become clogged or restricted, it is likely that 
the valve will hang open or be sluggish in closing. 
This is apt to allow the combustion gases to back up 
and into the air passageways, causing the valve sur- 
faces to become burned and incapable of maintaining 
a tight seal. 

2. Repair. The upper piston can usually be relieved, 
without removing the valve, by using light oil or 
diesel fuel, and working the valve up and down. In 
severe cases, the valve will have to be completely 
disassembled and cleaned. When such methods are 
used to relieve a sticking valve, every precaution must 
be taken to insure that the valve surfaces are not 
burned and deformed. The air lines should be wired 
out to insure that they are open. The distributor or 
pilot valve assembly should then be checked to be sure 
that the proper relief can be effected. 

b. possible trouble: 
leaking air valve mechanical lift 

The air valve usually is located in the cylinder head. 
When it leaks, it will cause hard starting, and often 
sufficient loss of air to prevent starting. It will also 
allow combustion gases to enter into the valve body 
while the engine is running. This will cause further 
damage to the valve and valve seat. Leakage occurs 
not only between the valve and cylinder chamber, but 
also past the packing around the valve stem. 

1 . Causes and prevention . 

(a) Packing nut overtightened. 

(b) Insufficient spring pressure. 



(c) Obstruction between valve and seat. 

(d) Bent valve stem. 

(a) Packing nut overtightened. In an attempt to stop 
minor leakages of air around the valve stem while 
starting, the packing nut is often overtightened. Fre- 
quently this prevents the air valve from seating and 
allows leakage from the cylinder into the valve while 
the engine is running. The packing nut should never 
be tightened excessively. 

(b) Insufficient spring pressure. Occasionally the re- 
turn springs on the valves are unable to return the 
valves to the seats after admitting the air charge. This 
may be caused by a weak or improperly adjusted spring. 

(c) Obstruction between valve and seat. If a particle of 
dirt, carbon, or other material becomes lodged between 
the valve and valve seat, it will allow combustion 
gases to pass. This action will cause the valve and 
seat to burn, and a leak to start. 

(d) Bent valve stem. If the valve stem becomes bent, 
it will cause the valve to bind and hang open. The 
stem is usually bent by careless handling during 
installation. 

2. Repair. When the valve is found to be leaking, it 
should be completely disassembled and inspected. All 
carbon and gum deposits should be removed with a 
special Carbon and Lacquer Removing Compound, 
Fed. Std. Stock Cat. No. 51C-1567-56. The stem 
should be checked to see that it is not bent. Particular 
attention must be given the surfaces of the valve and 
valve seat. If they show signs of scoring or discolora- 
tion, they may be polished by lapping them together 
with a fine lapping compound. Jewelers' rouge or 
talcum powder with fuel oil are suitable lapping 
compounds. 
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be replaced by recharging the battery if the battery is 
to continue in service. 

If the small charging generator driven by the diesel 
engine is not operating properly, that is, if it is not 
delivering current at a sufficiently high rate between 
engine starts, the charge withdrawn from the battery 
during the starting period will be greater than that 
replaced by the generator during the charging period. 
This usually occurs when an auxiliary diesel engine is 
started and secured at frequent intervals. In such cases, 
the charging period is not sufficiently long to keep the 
battery from running down. Batteries also run down 
when the engine is allowed to stand idle for extended 
periods. 

The voltage regulator should be set so as to provide 
a sufficiently high charging rate to keep the starting 
battery from running down rapidly. It must not be 
set so as to cause charging at a higher rate than that 
specified on the battery name plate, as this will cause 
damage to the battery. The correct rate of charge is 
that which will maintain the specific gravity of the 
battery at about 20 points below the normal fully 
charged gravity. 

Even with proper setting of the voltage regulator, 
the batteries used for starting may have to be charged 
periodically by an outside source of current. Periodic 
observations of the specific gravity will indicate when 
there is need for charging. Specific gravity readings 
should never be taken immediately after adding water 
to the battery, as the water will float on the surface of 
the electrolyte and give a low gravity reading. Like- 
wise, if the gravity reading is taken when the electro- 
lyte level is low, the reading will be erroneously high. 

(b) Damage to plates. If the plates become sulphated, 
short circuited, or if their active material is dislodged, 
the capacity of the battery will be greatly reduced and 
it will become discharged after little service. If such 
a condition is suspected, the battery should be re- 
moved from service and the condition of each indivi- 
dual cell checked. When a bad cell is located, the 
battery should be retired from service and the cell 
replaced. 

Prevention of damage to plates consists of observing 
the following precautions: 

(1) The electrolyte should always be maintained at 
the level specified on the battery name plate. Evapo- 
ration losses should be replaced by adding only pure 
distilled water. If the plates are allowed to stand 
uncovered by electrolyte, they will dry out and be 
ruined. 

(2) When adding water to the battery, only pure 
distilled water should be used. Extremely small quan- 
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tities of impurities in the water will quickly ruin the 
plates by local action. 

(3) The battery should never be allowed to stand in 
a completely discharged condition for more than 24 
hours, as this will cause sulphation. 

(4) Acid should never be added to the electrolyte 
unless it is definitely known that acid has been lost. 
Low specific gravity after charging may indicate 
sulphation. Adding acid to the electrolyte will in- 
crease the seriousness of the damage. 

(5) The battery must never be charged at a higher 
rate than the finishing rate specified on the battery 
name plate. Charging at excessive rates is undesirable 
because it may result in excessive electrolyte tempera- 
tures and gassing. The rate of charge is determined by 
an ammeter in series with the battery being charged. 

(6) The battery electrolyte should never be allowed 
to attain a temperature above 125° F. For this reason 
the battery should not be stored in any compartment 
where the temperature exceeds 100° F. Charging at 
excessive rates will also cause overheating. Electro- 
lyte temperatures must be observed at intervals during 
charging to insure against overheating. 

(7) Violent gassing must also be avoided. When 
current is supplied to the battery at a high rate, some 
of the water (H 2 0) in the electrolyte is decomposed 
into hydrogen (H 2 ) and oxygen (0 2 ). These gases are 
liberated in the exact proportion to form one of the 
most powerful explosive mixtures known. In addition 
to the obvious danger of explosion, there is a strong 
probability of damage to the plates. The small bubbles 
of gas may be liberated with sufficient violence to 
dislodge the active material from the plates. This ma- 
terial will fall to the bottom of the cell, reducing the 
capacity of the battery. If the dislodged material 
accumulates on the floor of the case to such a height 
that it contacts the bottom of the plates, a short cir- 
cuit between the plates can result and thereby make 
the cell inoperative. 

(c) Improper starting procedure. The life of starting 
batteries, between charges, may be considerably in- 
creased by using the proper procedure for starting the 
engine. 

The following precautions should be observed in 
starting to avoid unnecessary drain on the battery: 

(1) An unnecessarily high viscosity lubricant should 
not be used in the engine crankcase. When the lubri- 
cating oil becomes thicker, that is, more viscous, due 
to low temperature, the required cranking torque will 
be greatly increased. When starts are made under very 
cold conditions, a special lubricant, called a high 
viscosity index lubricant, whose viscosity is not greatly 
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affected by temperature, may be required. It should be 
remembered that the capacity of the battery is de- 
pendent upon the battery temperature. As the temper- 
ature decreases, the battery capacity also decreases. 
Hence, every available aid to starting should be em- 
ployed in cold starting. Many engines provide some 
form of air heater to aid in starting under cold condi- 
tions. When such devices are furnished, the operator 
should maintain them in good condition at all times. 

(2) The instructions of the engine manufac- 
turer for starting should be followed, but in no case 
should the starter switch be depressed for more than 
30 seconds. After a 30-second attempt, the battery 
must be allowed to "rest" for at least 2 minutes before 
again attempting a start. This rest period avoids 
overheating the battery and allows any gas bubbles 
which may have blanketed the plates, thus insulating 
them, to disperse. The rest period also gives the oper- 
ator an opportunity to check the engine for possible 
mechanical difficulties or oversights that may be pre- 
venting a quick start. (See Chapter 1, Section B, for 
possible causes.) Only in rare instances should engines 
fail to start within 30 seconds unless there is some fault 
in the procedure or the mechanism. Worn rings, leaky 
valves, or other factors which tend to reduce compres- 
sion pressure greatly interfere with starting. 

2. Repair. A dead battery may normally be placed 
in operable condition by recharging. Full instructions 
for charging batteries will be found in the Bureau of 
Ships Manual, Chapter 62, Section II. 

Generally, Navy storage batteries may be charged 
by any direct current source which may be regulated 
to provide a charging rate of the magnitude indicated 
on the battery name plate (see Figure 9-3). A lower 
charging rate may be used, but the batteries must be 
left on the line longer. The charging rate shown on 
the name plate, however, must never be exceeded as 
this endangers the battery. Violent gassing, or tem- 
peratures above 125° F, must never be allowed to exist. 

Charging should be terminated when the normal 
specific gravity of the electrolyte has been attained. 
The electrolyte must be at the proper level, and thor- 
oughly mixed, when taking readings. 



b. possible trouble: 
rapid loss of electrolyte level 

This trouble becomes apparent when, upon making 
the periodic "watering" round of the starting bat- 
teries, one or more cells are found to have an abnor- 
mally low electrolyte level as compared to other cells 
in comparable service. 
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1. Causes and prevention. Rapid loss of electrolyte 
level is generally caused by: 

(a) Cracked case. 

(b) Failure to replace filler caps. 

(c) Excessive gassing. 

(a) Cracked case. Small cracks in the side of the bat- 
tery case will permit the electrolyte to seep out and be 
lost. Cracks in the top of case will allow the electro- 
lyte to be sloshed out. In addition to the ill effect of 
lost electrolyte, there will probably be considerable 
corrosion of terminals and lugs. 

The case must be inspected carefully for cracks when 
rapid decline in level occurs. 

Cracks may result from rough handling or improper 
storage. The battery should never be allowed to 
stand in a totally discharged condition. Among other 
undesirable effects, this increases the danger of freez- 
ing. Likewise, a battery that has been freshly watered 
should be protected from the cold. If it is not, the 
water, which at first tends to float on the electrolyte, 
may freeze and cause breakage of the plates, separators, 
and case. 

(b) Failure to replace filler caps. Filler caps are vented 
to permit pressure within the battery to be equalized 
with that outside. This vent, however, is small 
enough to prevent much evaporation or spilling of 
electrolyte. Filler caps should always be screwed 
tightly in place while the battery is in service or being 
charged. The vent holes must not be allowed to be- 
come plugged. 

(c) Excessive gassing. Batteries on charge will begin 
to emit gases, hydrogen and oxygen, during the latter 
part of the charging period. The high electrolyte 
temperature resulting from a high finishing rate of 
charge causes rapid evaporation of the water in the 
electrolyte. Although some water will be consumed by 
decomposition, considerably more will be lost by 
evaporation. Violent gassing must not be permitted, 
as it tends to loosen active material. The electrolyte 
level must be observed carefully throughout the 
charging period. 

2. Repair. Low electrolyte level, if due to loss of 
water only, may be remedied by the addition of pure 
distilled water to the battery. However, if consider- 
able acid has been spilled it will be necessary to fortify 
the electrolyte by addition of dilute acid. The battery 
should first be fully charged. Then, dilute sulfuric 
acid should be added in small quantities until the 
specific gravity of the electrolyte, with the electrolyte 
at the proper level, is as desired. If too much acid is 
added, a portion of the electrolyte must be replaced 
with distilled water. 
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charged. Charging must be ceased if work on con- 
nections is necessary. 

B. GENERATORS AND 
GENERATOR CONTROL 

9B1 . Generators. The generators under considera- 
tion are those used as auxiliaries to the engine in order 
to maintain the charge on the starting batteries. 

a. possible trouble: 
generator not charging — defective generator 



The first indication of a faulty generator is a low 
battery charge together with a zero ammeter reading 
when the engine is running. A zero ammeter reading 
alone does not indicate generator failure, however, for 
when the batteries are fully charged the function of 
the voltage control regulator is to limit the generator 
charging rate. 

To eliminate the possibility that the trouble is in 
the generator control unit, the following procedure 
should be observed: The cover is first removed and a 
check made for any loose connections or burned 
points. With the engine running, a short jumper wire 
is connected between the terminal marked bat and the 
terminal marked gen (or a for armature, as the case 
may be). The engine speed is brought up, and the 
ammeter is checked to see if the generator is charging. 
If it is charging, the trouble will probably be in the 
cutout relay rather than in the generator itself. If the 
generator still does not charge, the jumper wire 
should then be placed so as to make certain the field 
terminal is grounded. This is done by running the 
wire from a good ground to the generator terminal 
marked f or field. If the ammeter still shows no 
charge, it can be assumed that the trouble lies in the 
generator, and the field and armature will have to be 
examined separately. If the generator docs charge 
with the field terminal grounded, it indicates that the 
voltage or current regulator is at fault. 

1. Causes and prevention. Failure of the generator to 
charge the batteries can be attributed to one of the 
following: 

(a) External wiring. 

(b) Faulty drive. 

(c) Faulty brushes. 

(d) Faulty commutator. 

(e) Faulty armature. 

(f) Faulty field coils. 

(a) External wiring. All external wiring and connec- 
tions should be checked. Due to the vibration to 



which the generator is subjected, broken and loose 
wires are quite probable. Lock washers under all 
terminal nuts and screws will assist in preventing loose 
connections. Adequate support for the wires must be 
provided, and they must not be expected to perform 
any function other than that for which they arc 
intended. No electrical wiring should be expected to 
perform the functions of a clothesline. 

(b) Faulty drive. On positive drive generators, a 
check must be made to see that no shaft keys are 
sheared and that all shafts are intact. This can be done 
quickly by removing the commutator cover and ex- 
posing the armature, pressing the starter button, and 
observing whether or not the generator shaft is turn- 
ing. If it does not turn, the generator drive must be 
disassembled and checked for broken parts. 




7 ' 
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Figure 9-6. Checking belt tension. 

On V-belt drive generators, the belt must be checked 
both for wear and proper tension. Correct belt tension 
should allow 1- to lJ/2-inch belt deflection on each side 
of the neutral position (see Figure 9-6). A belt improp- 
erly adjusted will wear rapidly, and if loose, will 
allow slippage. 

(c) Faulty brushes. The brushes must be inspected 
for cleanliness. At least 75 percent of the brush surface 




f*6202°— 46— 13 

Digitized by 



Go gle 



177 



Figure 9-7. Sanding a brush. 
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must be in contact with the commutator. If the 
brushes need dressing, a narrow strip of 4/0 sandpaper 
wrapped around the armature as shown in Figure 
9-7 should be used. Caution. Emery paper must never 
be used, for the abrasive is an electrical conductor and 
will short circuit the commutator bars if it lodges be- 
tween them. Sufficient spring force must exist to hold 
the brush securely on the commutator, and the brushes 
must be free to move in the holders without binding. 
The spring force should be between 15 and 22 ounces 
on each brush. 

(d) Faulty commutator. The commutator must be 
clean. If dirty, it will impede the current flow by 
adding greatly to the circuit resistance. The commu- 
tator should be cleaned either with a dry cloth or 
6/0 sandpaper. 

(e) Faulty armature. To check an armature, it is 
necessary to disassemble the generator completely. 

The armature is checked for shorts by using a 
growler. Growlers work on the same principle as an a.c. 
transformer without a secondary coil. The armature, 
when placed in the tester, acts as the secondary (see 
Figure 9-8). The armature is placed on the growler as 
shown in the figure. If there is any short circuit in the 
windings, such as a shorted coil or two commutator 
bars, the armature core will become heated and 
strongly magnetized, and will attract a strip of steel 
held over it, such as an old hack-saw blade. The 
armature is rotated slowly until a position is obtained 
where a pull on the steel strip is felt. If such a position 
cannot be found, it may be assumed that the armature 




is not shorted. If a short is found, it should be made 
certain that it is not caused by material caught be- 
tween the commutator bars. A hack-saw blade should 
be used to clean the slots. 

Open armature circuits can be found by checking the 
resistance between adjoining commutator segments. 
The values of resistance should not vary more than 
15 percent. 
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Figure 9-8. Testing an armature on the growler. 
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Figure 9-9. Preparing to test for polarity of field colls. 

(f) Faulty field coils. The coils should be checked for 
shorts. Both field coil leads should be disconnected, 
and one of them attached to the battery lead and the 
other to the generator body (see Figure 9-9). The 
battery voltage should be about 34 rated generator 
voltage. If there are no shorts in the field circuit, 
there should be no current flowing, and consequently 
no sparking when connections are made. The coils 
should next be tested to insure that there arc no 
breaks in the windings. This is done by touching the 
second lead from the battery (the one formerly 
grounded) to the second field terminal. There should 
be a small spark when the connection is made. If no 
spark occurs, it indicates that the field ciruit is open. 

2. Repair. Repair of the armature and the field coils 
is not possible unless a fully equipped electrical shop 
is available. The usual practice is to replace either the 
defective parts or the entire generator unit. If a com- 
plete generator is available for installation, it should 
be installed on the engine. The defective generator 
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should then be sent to a fully equipped shop for rcpair 
and held as a spare until needed again. 

9B2. Generator controls. Control units for gener- 
ators are usually composed of three separate sections. 

First is the cutout relay. All generator controls have 
a cutout relay. The cutout prevents current from flow- 
ing into the generator when it is not charging. If the 
generator were not equipped with a cutout, the cur- 
rent from the battery would attempt to run the genera- 
tor as a motor, thus heating the coils and discharging 
the battery. 

Second is the voltage control. The function of the 
voltage control is to reduce the charging rate as the 
batteries become charged. The voltage control pre- 
vents overcharging. 

Third is the current regulator. The current regulator 
limits the charging rate of the generator when the 
batteries are low. This safeguards the windings, 
commutator, brushes, and the batteries from heavy 
charging currents. 

In general, the generators are shunt wound (the 
field in parallel with the armature circuit). The field 
exciting voltage is often taken from the commutator 
by a third brush which is adjustable as to its position. 
Other generators use the full armature voltage, and 
control the basic charging rate by means of variable 
scries resistances placed in the field circuit by the 
regulator. 

Figure 9-10 is a diagram of a typical control unit. It 
is customary to mount all three sections on one base. 
The cutout relay is connected in the armature circuit 
between the generator and the battery. The voltage 
and current regulators are in the field circuit and thus 
regulate the field strength and the output. 
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Figure 9-10. Wiring diagram of current and voltage regulator. 



a. possible trouble: 

generator improperly charging 

control unit defective 

Trouble with the individual sections of the control 
unit can be found as outlined on pages 177-178. 

1 . Causes and prevention. Improper generator control 
is due to improper functioning of: 

(a) Cutout relay. 

(b) Voltage regulator. 

(c) Current regulator. 

(a) Cutout relay. A defective relay will prevent the 
generator from charging the batteries. The usual 
trouble is that the contacts become fouled and burned 
so that they cannot conduct the current. 

(b) Voltage regulator. A defective voltage regulator 
will allow the generator to overcharge the batteries 
and cause excessive heating of the generator field and 
armature windings. 

(c) Current regulator. A defective current regulator 
will allow the armature windings to overheat. 

2. Repair. Should the trouble lie in the cutout relay, 
the following procedure should be used. First, the 
contact points should be cleaned. A spoon or rifller file 
should be used on concave surfaces, and a flat file on 
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OXIDIZED CAVITY 
EXAGGERATED VIEW 

Figure 9-11. Cleaning contact points. 

convex surfaces (see Figure 9-11. No more material 
4 should be removed than is necessary to clean the sur- 
faces. Sandpaper or emery paper should not be used. 
Care must be taken when filing the contacts not to 
bend or distort the supports. Second, the contact gap 
must be adjusted. This is usually done by adjusting 
the armature stop. The proper gap is .020 to .025 
inches. The proper value for a particular generator 
cutout relay should always be obtained from the 
manual. Third, the closing voltage must be adjusted. 
This is done by varying the spring tension on the 
armature. To check the closing voltage and to make 
the adjustments, a voltmeter should be connected 
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across thc armaturc. After the generator has been 
brought up to speed, the cutout should close at a volt- 
age within the amounts given in the table below. 

System Closing Range 

6-volt, 3-ccll 6.2 to 6.8 volts 

12-volt, 6-ccll 12.4 to 13 4 volts 

24-volt, 12-ccll 25.5 to 27 0 volts 

30-volt, 15-cell 32.0 to 33. 5 volts 

32-volt, 16-ccll 34.0 to 35 5 volts 

The spring tension is increased to increase the clos- 
ing voltage. If the armature relay tends to vibrate at 
low engine speeds, it indicates that the closing voltage 
is too low. This can be corrected by increasing the 
spring tension slightly (see Figure 9-12). 
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Figure 9-12. Cutout relay adjustments. 

There are three things that are most likely to cause 
trouble in thc voltage regulating section of the control 
unit. Thc points can become burned, which causes 
poor contact and results in increased field resistance 
and lowered output. Thc coil wire and resistance can 
burn out; their failure may also result in lowered out- 
put or may cause the field to break down completely. 
Finally, improper spring tension will cause the maxi- 
mum charge on the battery to be cither too high or too 
low, depending on whether the spring tension is too 
great or too small. 

When servicing the voltage control, the contacts are 
first cleaned with the proper file. All filings must be 



blown out of the unit; being of metallic nature they 
will cause short circuits if they become lodged between 
thc contactors and other parts. The gap between the 
core and the armaturc must be correctly set. The usual 
air gap is .065 to .075 inches, but the instruction manual 
should always be consulted for a particular control. 
Thc regulated voltage must next be determined. 
This must be done with the control unit and the gener- 
ator at normal operating temperatures. This is done 
by first disconnecting the wire from the battery ter- 
minal (sometimes marked ammeter) of thc control 
unit. A voltmeter should then be placed between the 
armature terminal of the generator and the ground 
(sec Figure 9-13). The engine should then be started 
and brought up to speed. 
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Figure 9-13, Voltage regulator adjustments. 

The voltage at which thc voltage regulator takes 
effect should be noted. This can be done by observing 
thc opening, or vibration, of thc voltage control 
points, and thc dropping of thc voltage. Thc voltage 
at which thc regulator should cut in, and above which 
thc charging voltage should not rise, is dependent 
upon thc nominal voltage of the system and thc de- 
sired charging rate. 

Thc following values are given for the general sys- 
tem. They should be used only in the event that thc 
manual for thc particular voltage control in question 
is not available. 

System Cut in Range 

6-volt, 3-ccll 7.2 to 7-7 volts 

12-volt, 6-ccll 13.5 to 15.0 volts 

24-volt, 12 cell 27.5 to 30.0 volts 

30-volt, 15-cell 35 0 to 39.0 volts 

32-volt, 16-ccll 38.0 to 42.0 volts 

The mechanical construction of the current regulator 
is usually similar to that of the voltage regulator, but 
with one principal difference. The actuating coils of 
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the voltage regulator are across the armature circuit; 
the actuating coils of the current regulator are in series 
with the armature. Casualties to the current regulator 
are similar to those of the voltage regulator. 

In servicing the current regulator, the contacts arc 
first cleaned with the proper file. All filings and dust 
must be blown out. The air gap must be set. The cor- 
rect value for the gap should be obtained from the 
operating or maintenance manuals. If no manual is 
available, the usual value may be taken to be between 
.070 and .090 inches. This adjustment is made by 
changing the armature stops. The regulating voltage 
must also be checked. To do this, the charge on the 
batteries must be low, or suitable means used to reduce 
the battery voltage, such as using one or two fewer 
cells in the battery circuit. The lead from the control 
unit to the battery must be disconnected, and an am- 
meter connected in the line. A jumper lead should be 
placed across the contact points as illustrated in Figure 
9-14. The engine should then be started and brought 
up to speed slowly, while observation is made of the 
ammeter and the contact points of the current regu- 
lator. At the regulated current value, the contacts will 
vibrate. The jumper wire should then be removed and 
the ammeter reading again observed. The proper 
setting for the current regulator is dependent upon the 
rating of the generator. The correct value should be 
obtained from the instruction manual. If this infor- 




Figure 9-14. Current regulator check. 



mation is not obtainable, the data from the generator 
name plate should be used. The current regulator 
should be set at 100 percent rated current. The rated 
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current is calculated by dividing the rated power 
(watts) of the generator by the rated voltage. To in- 
crease the controlled current, the spring tension should 
be increased. 

C. RELAYS AND CONTACTORS 

9C1. General. Electrical relays and contactors arc 
used chiefly in the starting circuit to control the elec- 
trical starting motor. The contactors are subjected to 
extremely high currents and must be maintained in 
good condition. These contactors are either of the 
manually operated type or the magnetically operated 
type. Starting relays and contactors are designed to be 
operated for only short periods of time. 

a. possible trouble: 
burned contacts 

Burned contacts cause increased resistance in the 
starting circuit, lowering of the efficiency, and finally, 
complete failure of the circuit. 

1. Causes and prevention. Factors resulting in burned 
contacts are: 

(a) Normal wear. 

(b) Switch not held down firmly. 

(c) Using the starter to jack the engine. 

(d) Cranking for periods longer than 30 seconds. 

(e) Low battery voltage. 

(a) Normal wear. Under continued use, the contact 
points will become burned and worn. When this con- 
dition exists, the contactors must be replaced. The 
general construction of the contactor unit is such that 
this necessitates the replacement of the complete unit. 

(b) Switch not held down firmly . Burned contact points 
can often be attributed to the fact that the operator 
does not hold the operating switch closed securely 
when cranking the engine. This allows the current to 
arc across the contacts and develops excessive heat 
which will destroy the surfaces. When starting an en- 
gine, whether the contactor be manual or magnetic, 
the button must be held down firmly. 

(c) Using the starter to jack the engine. The practice of 
using the starter intermittently to jack the engine over 
is responsible for a great deal of starter motor and con- 
tactor troubles. When timing, and making other en- 
gine adjustments, the engine should be jacked over 
by hand with the jacking gear provided. 

(d) Cranking for periods longer than 30 seconds. Crank- 
ing for periods longer than 30 seconds should be 
avoided. Whenever a starter is operated for a period of 
30 seconds, a period of 2 minutes must be allowed 
before again using the starter. 
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(e) Low battery voltage. This is one of the major 
causes for burned contacts and burned motor insula- 
tion. 1 1 will cause faul ty solenoid operation by allow- 
ing the solenoid to vibrate and arc excessively. 

2. Repair. If contacts are burned, but there is still 
material left, they may be cleaned by using a convex 
file. Some relays have removable contacts, in which 
case they can be removed and wire brushed. If a new 
set is available, however, it should be installed. 

b. possible trouble: 
magnetic device fails to engage 
pinion and close circuit 

Certain types of magnetically operated devices per- 
form the functions of engaging the pinion of the start- 
ing motor with the ring gear on the flywheel, and 
closing a set of contacts in the starting motor circuit. 

1. Causes and prevention. Failure of this device to 
function properly may be due to: 

(a) Low battery charge. 

(b) Sluggish pinion spline. 

(a) Low battery charge. A low battery charge will pre- 
vent the solenoid from developing sufficient force to 
engage the drive pinion. 

(b) Sluggish pinion spline. The force developed by 
the solenoid is limited, and if the force required to en- 
gage the drive pinion is too great, or if the solenoid 
fails, it will be impossible to start the engine. In 
emergency cases, however, the pinion can usually be 
engaged and the contact closed by hand. Factors that 
affect the mechanism are: heavy grease which, when 
cold, adds appreciable drag; burrs on the shaft; defec- 
tive wiring or push-button switch. 

Sluggish action of the pinion mechanism can be pre- 
vented by using only light oil as a lubricant instead of 
heavy grease. Normal care will prevent burring, 
which frequently occurs when the motor unit is dis- 
assembled or reassembled. 

2. Repair. The engaging mechanism should be 
cleaned with solvent or diesel fuel, dried, and sparingly 
oiled. Grease should not be used, particularly when 
the engine is subjected to low temperatures. 

Any burrs found on the spline or other parts should 
be dressed down carefully with a file or small stone. 
The unit must be cleaned carefully after filing or 
stoning. 

The switch at the instrument board is subject to the 
same troubles as the solenoid operated device. How- 
ever, the conditions are usually less severe due to the 
fact that lower currents are handled. When the solenoid 
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fails to operate, the wiring and the switch at the 
board must be checked. 

Occasionally the solenoid coil will burn out, but 
this is rare. If the coil is found to be defective, the 
entire solenoid unit must be replaced. 

D. WIRING 

9D1 . General. Wiring on the diesel engine is not 
extensive. Nevertheless, the wires that are used re- 
quire a certain amount of care if the following troubles 
arc to be avoided 

a. possible trouble: 
burned insulation 

1. Causes and prevention. Burned insulation is in- 
variably the result of neglect and carelessness on the 
part of the operators. Burned insulation will result in 
short circuits with the added possibility of fire or 
crippling of the engine. Most engines are equipped 
with framework or metal looms to support the wiring. 
These should always be used as they prevent excessive 
flexing of the wire. The loom provides protection 
from grease, oil, and water. 

Care must be taken to prevent the wires from coming 
into contact with hot surfaces, particularly the ex- 
haust manifold, as the temperatures there are sufficient 
to cause immediate destruction of the wires. Other 
surfaces, while not hot enough to cause immediate 
destruction of the wires, will accelerate the deteriora- 
tion of the insulation. Wires protected by a metal con- 
duit, such as pyrometer leads, should not be allowed 
to come into contact with hot surfaces any more than 
wires protected only by rubber and fabric. Metal, 
being a good conductor of heat, will quickly transmit 
the heat to the interior where it will cause the insula- 
tion to deteriorate. 

2. Repair. Repair to burned insulation should not 
be made; instead, the wire should be replaced. When 
replacing wiring, be sure that the proper size of wire is 
used. If the proper size is not available, take steps to 
procure it. In the meantime, the insulation can be re- 
stored by using both rubber insulating tape and fric- 
tion tape. The rubber tape should be applied first, 
stretching it out tightly. It should then be covered 
with two layers of friction tape. If the repair will be 
subjected to oil and water, it can be given a coat of 
shellac or varnish, the latter being the more desirable, 
though it takes much longer to dry. 

When replacing wiring, it is not only important to 
use the proper wire but also to make the connections 
correctly. If several wires are involved, the wires and 
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terminals should be tabled when disassembling in 
order to eliminate the possibility of errors when 
reassembling. Terminal lugs should always be used. 
The old ones can usually be reused. If, on smaller 
wires, no lugs are available, solder applied to the end of 
the wire will hold the strands together when the 
terminal screw or nut is brought down on it. 

It is always advisable to replace the wires which arc 
in a conduit, rather than repair them. It is impossible 
to inspect the repairs or to ascertain their condition 
when within the conduit. Also, the repair is usually 
larger in diameter than the undamaged insulation, 
which makes it difficult to get the repaired portion 
into the conduit. 

If it ever becomes necessary to make a splice, the two 
or more wires should be treated in the following man- 
ner. The insulation should be stripped for a distance 
of about six to eight times its outside diameter, and 
the metal well cleaned by scraping. The strands are 
then twisted together and soldered. The insulation 
should be restored by using both rubber and friction 
tape, and shellac or varnish, if considered necessary 
(see Figure 9-15). 
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Figure 9-15. Making a wire splice. 



B. POSSIBLE trouble: 
SHORT CIRCUITS 



1. Causes and prevention. 

(a) Burned insulation. 

(b) Deteriorated insulation. 

(c) Failure to strip armored cable properly, 
(a) Burned insulation. Short circuits arc always asso- 
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ciated with burned and defective insulation. See 
a. Possible trouble: Burned insulation , page 182, for a 
further discussion. 

(b) Deteriorated insulation. Insulation will deterior- 
ate with normal usage. A factor greatly affecting de- 
terioration is sea water. Salt water will cause salt 
deposits to form on the terminal and wiring. This in 
turn causes a mild short circuit resulting in heating 
and deterioration of the insulation. Such deposits are 
often responsible for discharged storage batteries. The 
terminals and wiring should be wiped frequently with 
a dry cloth to minimize this trouble. 

Oil, grease, and water will also cause insulation to 
deteriorate. The wiring must be kept clean and dry at 
all times. A coat of varnish applied to the wiring will 
help preserve the insulation. 

(c) Failure to strip armored cable properly. If the armor 
on electrical cables is not stripped back sufficiently 
from the end of the cable, it is possible that it will 
come in contact with the terminal lugs, and thereby 
cause a short circuit. When preparing connections for 
armored cable, the armor should always be stripped 
for a distance of six inches from the end, and the loose 
ends of the armor taped to prevent fraying of the cable. 

Short circuits can be prevented by proper care and 
periodic inspection of the wiring. When inspecting the 
wiring for wear and potential shorts, particular atten- 
tion should be paid to bends, clips, terminals, and 
places where the wire is unprotected and subjected to 
oil, water, and scuffing. 

2. Repair. Repair to the wires should be made in 
the same manner as for burned insulation. The wire 
should be inspected at the point of insulation failure 
to make certain that the metal of the wire has not been 
cut or burned away, which is quite often the case. A 
weak point or section in the wire will result in in- 
creased resistance and heating. 

E. ELECTRICAL REMOTE 
CONTROL DEVICES 

9E1. General. Remote control speed adjustment 
is accomplished electrically by the following systems: 

1. A.C. selsyn motor. 

2. D.C. selsyn motor. 

3. A.C, D.C. split field motor. 

The prime function of these devices is to enable 
switchboard operators to match generated voltages 
and to adjust the power distribution. This is accom- 
plished by changing the speed adjustment on the 
governor. 
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to eeveese direction of rotation Of imoicgtor 
motor, eeveese its rotor leads Ri a rs 




Figure 9-16. Diagrammatic sketch of connections for self- 
synchronous transmitters and indicators. 



9E2. A.C. selsyn motor. The a.c. sclsyn motor is 
essentially a transformer with a three-leg rotating 
secondary winding. 

The a.c. selsyn units are operated only on 115-volt 
60-cyclc, single-phase, alternating current. The sys- 
tems are composed of a transmitter and one or more 
repeaters. The construction of the repeaters is identi- 
cal to that of the transmitters with the exception that 
a dampening device is built into the repeaters. 

In Figure 9-17, it should be noted that the only 
power used is that required to energize the stationary 
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Figure 9-77. Wiring diagram, selsyn remote control, a.c. 



coils. These coils arc wired in a parallel circuit with 
all terminals marked Si connected to one power lead, 
and all terminals marked S2 connected to the other 
lead. The rotor connections are made by connecting 
all Ri terminals together, all R 2 terminals together, 
and all R 3 terminals together. 

a. possible trouble: 
no response to changes of transmitter 
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1. Causes and prevention. Failure of the remote con- 
trol device is caused by one or more of the following : 

(a) Not energized. 

(b) Loose connections. 

(c) Dirty brushes. 

(d) Defective bearings, 
(c) Defective coils. 

(a) Not energized. This is due to failure to turn on 
the energizing power. The fuses and circuit breakers 
should be checked. 

(b) Loose connections. Loose connections will cause 
the units to operate improperly. Each unit has five 
connections. Any one of the five, if loose, will cause 
erratic operation. 

(c) Dirty brushes. Dirty brushes or slip rings will 
cause poor contact with the rotor. The result will be 
the same as that caused by a loose connection. 

(d) Defective bearings. Bearings worn or damaged in 
any way will cause the rotor to bind, and possibly 
lock. This is always accompanied by a humming 
sound. Damaged and worn bearings must be replaced. 
New bearings should first be cleaned of the vaseline in 
which they are packed, and then lubricated with a 
light oil before installing. 

(e) Defective coils. Burned-out coils arc often encoun- 
tered. The coils should be inspected after other pos- 
sible troubles have been checked for. 

Such troubles as listed above can usually be pre- 
vented by using proper care. Terminal connections 
should be checked to insure that they arc tight. The 
cover should be removed and the slip rings and 
brushes inspected. If the brushes are more than fifty 
percent worn, they should be replaced. 

2. Repair. When disassembling a unit, the brushes 
and brush bases should be removed first. The bolts are 
then removed and the unit pulled apart, exposing the 
rotor and field coils. Care should be taken that the 
shims are kept intact and replaced in the same posi- 
tion. The proper end-play clearance is .010 to .015 
inches. If the brushes and commutator are dirty, they 
should first be wiped with a dry cloth, and then fur- 
ther cleaned with 6/0 sandpaper if necessary. When 
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reassembling, a light oil should be used to lubricate 
the bearings. 

9E3. D.C. selsyn motor. The principle of opera- 
tion of the d.c. selsyn is entirely different from that 
employed in the a.c. selsyn. Figure 9-18 is a schematic 
diagram of the operating principles of the d.c. selsyn. 
The receiver is essentially a set of three stationary 
electromagnetic windings on an iron ring, supplied 
with varying voltages from a circular resistance unit 
of the transmitter, which has three taps. Power is 
supplied the resistance unit through a contact arm 
which can be rotated. Rotating within the ring of the 
receiver is a magnetized rotor. The rotor may be 
cither a permanent magnet or an electromagnet, as is 
shown in Figure 9-18. 

The units have five connections. Power is supplied 
the terminals marked Ri and R 2 . Ri and R 2 of the re- 
ceiver are connected in parallel to Ri and R 2 of the 
transmitter. 




TRANSMITTER 



RECEIVER 



Figure 9-18. Schematic connection diagram 
of d.c. selsyn system. 



a. possible trouble: 
selsyn fails to operate 

1. Causes and prevention. Failure of the selsyn to 
operate may be caused by: 

(a) Binding. 

(b) Open circuits. 

(c) Dirty contacts. 

(a) Binding. If the selsyn receiver fails to operate 
when the transmitter is turned, a check should be 
made for mechanical binding of the parts. Particular 
attention should be given the bearings. Dirt or other 
foreign matter in the bearings will prevent the rotor 
from moving, making the unit inoperative. 

(b) Open circuits. The electrical connections must be 
checked for open or incorrect circuits. An improper 
circuit will prevent the unit from operating. Defec- 



tive windings can usually be detected by resistance 
measurements. 

(c) Dirty contacts. Dirty contacts will cause voltage 
loss to the resistance unit, thereby causing only a 
weak response, or possibly none, to a change in the 
rotatable contact arm. 

Troubles can be averted with only a minimum of 
maintenance. Standard receivers are equipped with 
ball bearings and do not require much lubrication. 
Brushes should be removed periodically and the collec- 
tor rings inspected for dark spots or pits. Collector 
rings should always be kept smooth and clean. The 
brushes should slide freely, and the spring force should 
be just enough to insure good contact on the rings. 

The transmitters should receive the normal care 
given plate type rheostats. The contacts must be kept 
clean. 

2. Repair. Should trouble occur other than loose 
connections and dirty brushes and collector rings, it is 
most advisable to replace the unit as a whole. 

9E4. A.C, D.C. split field motor. The split field 
motor is used extensively on the Woodward SI gover- 
nors for remote control. The power unit is a split field 
series wound motor. It is wired as shown in Figure 9-19. 
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Wiring diagram. 



a, possible trouble: 
motor fails to operate 
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1. Causes and prevention. Failure of the motor to 
operate may result from: 

(a) Loose connections. 

(b) Dirty brushes and commutator. 

(c) Defective coils. 

(a) Loose connections. Loose connections will prevent 
the motor from operating properly. All connections 
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hauls when they arc suspected of being loose, and at 
such times as specified in the progressive maintenance 
schedule for the engine. These bolts must be tight- 
ened evenly. 

(b) Overheating. Cracks may develop in the block as 
a result of high local temperatures, or sudden cooling 
of a hot spot. High local temperatures usually develop 
through inadequate cooling. This may be caused by 
clogging of the cooling passages, or operation without 
properly functioning cooling water pumps or water 
coolers. It may also be due to maintaining cooling 
water temperatures too high (above 180° F), so that 
steam pockets are formed in the cooling jackets. 

If the block has become overheated for any reason, 
cold water should never be circulated suddenly through 
the passages, for this will cause rapid and uneven 
contraction (see a. Possible trouble: Excessive scale for- 
mat ion in passages y page 156). 

(c) Inoperative vibration isolators. Vibration isolators 
are occasionally installed on generating sets to absorb 
the forces of shock and vibration. If they become dam- 
aged, the forces due to shock, misalignment, vibra- 
tion, or uneven support may become so severe that the 
base, and in extreme cases the block, will be damaged. 
It should be remembered that vibration isolators are 
not used on many engines. In cases where only mount- 
ing bolts are used, it is of prime importance that all 
these bolts be tightened evenly and sufficiently. For 
possible derangements of the vibration isolators, see 
pages 197-198. 

(d) Internal failures. Serious derangements of the 
internal machinery of the engine may cause parts to be 
thrown against or through the engine frame. In some 
instances, connecting rod bolts have failed and al- 
lowed one end of the connecting rod to break loose and 
fly through the side of the crankcase. Pieces of failed 
gears may also break through the housing. Such 
derangements are extremely serious and are hazardous 
to nearby personnel. Resultant damage to other parts 
of the engine is usually so severe that the damage to 
the frame will appear to be only incidental. The dan- 
ger of casualties of this nature may be greatly reduced 
by operating the engine at all times within the range 
of speed and load authorized by the Bureau of Ships. 
Overspeed protection devices, if installed, must be 
maintained in operating condition. Likewise, the 
importance of maintaining other engine parts, such 
as bearings and gears, in proper condition of adjust- 
ment cannot be overemphasized. 

(e) Misalignment. If the engine driving shaft is not 
properly aligned with the shaft of the driven member 
(generator, propeller shaft, reduction gear, etc.), 
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vibration or excessive strains will be induced and 
cracking of the frame can result. 

Misalignment between parts of the engine frame can 
introduce eccentricities that may cause undue stresses 
to be set up in some portion of the frame. It is usually 
rather difficult to misalign main parts as most of the 
bolts are closely fitted to the holes in the adjoining 
piece; also dowels are frequently provided. However, 
flanging surfaces should be thoroughly cleaned, par- 
ticularly when pieces of the old gasket are adhering to 
them. Before bolting them together, any burrs or 
other protrusions should be removed from the sur- 
faces. All bolts should be evenly tightened. 

2. Repair. The successful permanent repair aboard 
ship of cracked cast iron frames is not usually possible. 
Welding is the most successful means of repairing such 
cracks, but to avoid setting up stresses in the frame in 
the vicinity of the weld, it is necessary to pre-heat the 
structure and to cool it slowly after welding. Conse- 
quently, in cases where welding is necessary, the en- 
gine must be taken to a repair base or navy yard to 
effect these repairs. However, in an emergency, when 
it is necessary to continue operation of the engine and 
operation is not possible without some measure of 
repair to the crack, a temporary so-called cold weld 
method is effective in stopping leaks. This method can- 
not be used successfully even for temporary repairs 
where the cracked part is subjected to very great 
mechanical or thermal stresses. None of these cold 
weld processes involve welding in any form and such 
repairs are entirely mechanical. For naval use, such 
processes shall be considered only as a temporary 
emergency means of repair, and must not be used for 
permanent repair where welding is available or re- 
placement of parts can be made. 

The two most widely used of these processes are the 
Harmon Sav-A-Weld process and the Metalock 
process. The Harmon Sav-A-Weld process is shown 
in Figure 10-5. In this process, overlapping holes are 
drilled three-quarters of the way through the material 
to be repaired. The holes are drilled in rows that are 
transverse to the crack and spaced approximately 
13^2 inches apart along the length of the repair. These 
holes are for receiving the Harmon locks, which are 
scalloped strips of Invar or nickel steel approximately 
Jfg inch thick and of various widths and lengths. 
These strips are stamped out in a shape similar to a 
series of overlapping cup-shaped disks. After inserting 
each lock, convex side up, it is peened flat before the 
next lock is added on top of it. After a sufficient num- 
ber of locks have been added to fill the holes to the 
top, and all of the locks have been peened into place, 
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the portions of the crack between the locks are drilled 
and threaded for closely spaced studs. Studs are then 
screwed into place and peened over. To insure pres- 
sure tightness, a sealing compound may be used during 
the placing of the locks and studs. 




Figure 10-5. Harmon Sav- A- Weld method for re pairing cracks. 

The Mctalock process is shown in Figure 10-6. In 
this process, rows of equally spaced holes arc drilled 
along the crack as in the Harmon process. The two 
processes are exactly the same except that in the 
Metalock process, it is necessary to gouge out the thin 
walls between the holes transverse to the crack so that 
the key, which is a bar of Invar, will fit. It will be 
noted that this bar of Invar differs from the Harmon 
key in that only one bar is required. After insertion, 
the Metalock bar is peened into place causing the top 
of the lock to expand and fill the slot. As in the Har- 
mon process, closely spaced studs are installed in the 
holes along the crack, and a sealing compound is also 
generally used. 

The keys and studs for both processes come in 
various sizes and lengths. The larger sizes are used for 
larger cracks. 

Cracks in fabricated steel or cast steel frames may 
be repaired successfully by welding aboard ship if a 
qualified welder is aboard. Prior to welding, the orig- 
inal alignment of the parts must be determined and 
measurements taken between certain fixed points. Dial 
gages should be at hand for determining these 
measurements with the required accuracy. The extent 
of the crack should be determined by the magnetic 



powder method. Consequently, it is more desirable to 
wait until facilities for this determination arc avail- 
able. However, in an emergency, a generous estimate 
of the extent of the crack should be made to avoid 
failing to weld the crack in its entirety. The portion 
of the plate containing the crack should be removed by 
grinding and chipping so as to form a groove extend- 
ing at least J^-inch beyond the end of the crack in any 
direction. In order to effect a permanent repair, weld- 
ing should be done from both sides of the crack. When 
this is impossible, a backing strip should be fitted to 
the inside of the crack to permit a 10C percent weld at 
the root. The weld should be applied in wandering 
sequence (see Figure 10-9). It is obvious that dimen- 
sional stability must be maintained throughout the 
welding process. This will be accomplished by peen- 
ing while the welding metal is being applied. Any 
tendency to warp while cooling, indicated by the dial 
gages, should be corrected by peening. After welding 
has been completed, the outside surface of the weld 
should be ground flush with the adjoining surfaces. 
It is essential that the final distortion of the frame be 
kept to a minimum; consequently, it is preferable that 
these repairs be made by navy yards, tenders, or bases. 
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Figure 1 0-6. Metalock process for repairing cracks. 

d. possible trouble: 
clogged oil passages 

Many cylinder blocks have drilled oil passages 
which conduct oil from the main lube oil header to 
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(a) Excess accumulation of oil in the air box. The air 
box is usually considered to be that portion of the in- 
take air passage within the cylinder block. Accumu- 
lation of oil in this space accelerates the formation of 
deposits therein. The remedies are discussed in Chap- 
ter 2, pages 23-24. 

(b) Foreign matter in the air intake system. Careless- 
ness on the part of personnel may result in objects such 
as rags, tools, etc., being left in the intake manifold or 
air box when the system is closed. A systematic inspec- 
tion for foreign articles left inadvertently in the en- 
gine must be made after working upon it. Such articles 
can clog the ports in a cylinder and prevent combus- 
tion. If the article is small enough, it may be drawn 
into the cylinder and ruin the cylinder liner, piston, 
head, etc. If no air intake strainer is installed, care 
must be taken not to allow small articles to be drawn 
into the system through the air inlet. 

2. Repair. Air passages can be cleaned by use of a 
wire brush in most cases. Solvent may be used for the 
final cleaning operation, but it must be made certain 
that all the solution is drained from the air box before 
commencing inspection. In many engines it is neces- 
sary only to remove an inspection plate to gain access 
to a passage. Dislodged particles must not be allowed 
to drop into the cylinder or crankcase. Rags should be 
placed in position to catch all of the cleanings. 

e. possible trouble: 
crankcase explosion 

The extent of the damage caused by a crankcase ex- 
plosion is unpredictable, but it frequently includes 
bent connecting rods, sprung or broken crankshaft, 
and broken liners and pistons. Occasionally engine 
room fires of a serious nature occur after an explosion. 

1. Causes and prevention. It is difficult to determine 
the cause of crankcase explosions because of the exten- 
sive damage resulting from them. Usually they occur 
in engines in bad general mechanical condition, where 
seizure of the pistons and other metal-to-metal contact 
are likely to occur. Some of the causative factors 
in crankcase explosions are: 

(a) Crankshaft bearing failures. 

(b) Overheating or dilution of lube oil. 

(c) Poor condition of cylinder liners or piston 

rings. 

(d) Cracked piston. 

(e) Seized piston. 

(a) Crankshaft bearing failures. If an engine is oper- 
ated with crankshaft bearings in poor condition for 
any length of time, it is possible that sparks may be 
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created if the bearing disintegrates and causes the 
journal to make contact with the connecting rod. Also, 
the heat liberated by the faulty bearing will aid in the 
vaporization of the lube oil. Sparks or open flame in 
the crankcase must not be allowed, as they may, under 
the proper conditions, set off a crankcase explosion. 
When it is noted that a bearing is becoming excessively 
worn or has failed completely, the engine must be 
secured at the earliest possible moment. Continued 
operation may cause a crankcase explosion, and may 
also cause mechanical damage to the connecting rod, 
crankshaft, etc. The operator should be alert to recog- 
nize symptoms of bearing trouble as quickly as pos- 
sible (see Chapter 15). Improper thrust bearing ad- 
justment or worn thrust bearings will permit crank 
cheeks to strike against a bearing shell, causing 
sparks that will ignite explosive fumes in the crank- 
case. 

(b) Overheating or dilution of lube oil. Explosive vapors 
are almost always present in the crankcase when the 
engine is running. These vapors may be ignited by 
sparks or open flame, causing a crankcase explosion. 
The formation of vapor from lubricating oil is greatly 
accelerated by a rise in the temperature of the lube oil 
due to a hot bearing, the seizing of a piston in the 
cylinder, etc. 

Overheating of the lubricating oil has other serious 
effects. The viscosity of the lube oil will be greatly 
reduced, and the tendency to form gum increased. The 
operator should therefore maintain lube oil tempera- 
tures at the value specified in the instruction manual. 
If he is unable to do so, he must determine the cause of 
the trouble and eliminate it. 

Dilution of the lubricating oil with diesel fuel will 
increase the tendency toward vapor formation in the 
crankcase. This is due to the fact that diesel fuel has a 
lower flash point than lubricating oil. In approxi- 
mate terms, diesel fuel will give off vapor in sufficient 
quantities to be ignited when it is heated to about 
150° F. On the other hand, lube oil must be heated to 
about 250° F before it reaches the flash point. 

It should be remembered that dilution alone cannot 
cause crankcase explosion. It may, however, contrib- 
ute to making it possible. Dilution is generally a re- 
sult of poor condition of the engine. It may be recog- 
nized by testing a sample of the crankcase oil with 
a Vis -Gage. 

Dilution has other harmful effects. It reduces lube 
oil viscosity, and may reduce it to a dangerous point. 

(c) Poor condition of cylinder liners or piston rings. If 
the cylinder liners or the piston rings are in poor con- 
dition, they will permit blow-by. That is., the gases 
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No adjustment of the shock absorber unit should 
be attempted, as it is set at the factory. 

If it is noted that too much vibration is being trans- 
mitted to the substructure, the clearance at point 
C (Figure 10-14) is probably improper. 

If the engine sways or lurches too much, it is likely 
that there is not sufficient tension on the coil springs. 
This can be corrected by screwing down on the 
leveling bolts. 

When making adjustments, the clearance C should 
be about the same for each isolator unit. The clear- 
ance limits are usually stated in the engine instruction 
manual. 

(b) Failure of elastic absorber. The elastic absorber 
may be a set of metal coil springs, a cushion of rubber, 
some semi-fluid plastic material, or a combination of 
these. Breakage of the springs, tearing or unbonding 
of the rubber, or loss of the plastic material will render 
the vibration isolator inoperative. 

The cause of the failure of springs may be corrosion. 



Every effort should be made to protect the springs 
from the action and corrosive effect of salt water. 

The failure of rubber is generally due to the action 
of oil, grease, or other deteriorating agents. Precau- 
tions should be taken to protect rubber isolators from 
such agents. 

Loss of plastic material usually occurs when a vessel 
is operating in a hot climate. In most cases, the tarry 
material flows out where it can be seen, and the 
dampening action of the isolators disappears. In an 
effort to overcome this difficulty, the manufacturer has 
attached a fitting to the isolator through which addi- 
tional plastic material may be introduced. However, 
it is preferable to try to replace isolators of this type 
with the non-plastic-filled type. 

2. Repair. The cause of maloperation of the isolator 
must be determined and corrected by the adjustment, 
or replacement, of any failed parts. Where failure has 
been severe, it may be necessary to replace the entire 
assembly. 
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Figure 7 7-2. Cylinder head requiring no gasket. 
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will leak from even the most minute cracks. Large 
cracks may usually be located by cleaning the head 
thoroughly and examining it carefully. 

Figure 11-21 shows a cracked cylinder head. Cracks 
occur most frequently on "bridges" or narrow metal 
sections between valve and injector holes in the head. 
These areas should be scrupulously examined. 

Cast iron heads may be subjected to magnetic pow- 
der inspection when small cracks are suspected but are 
not visually apparent. 

1. Causes and prevention. Cracked heads may be caused 
by: 

(a) Addition of cold water to hot engine. 

(b) Restricted cooling passages. 

(c) Improper tightening of studs. 

(d) Obstruction in combustion chamber. 

(a) Addition of cold water to hot engine. When an engine 
has been allowed to overheat, it should never be 
cooled by quickly pouring cold water into the engine 
as this may cause cracking due to thermal stress. If it 
is necessary to add water, the engine should be al- 
lowed to cool before pouring in the water. In an 
emergency, if it is necessary to continue operations, 
the cold water should be added in small increments, 
while the engine is operating, at intervals sufficiently long 
to insure thorough mixing of the cold water with the 
hot. 

(b) Restricted cooling passages. When cooling passages 
become clogged or dirty, there is likely to be insuffi- 
cient heat transfer, with consequent overheating of 
the metal. This can result in cracking due to over- 
expansion. Cooling passages should be kept clean by 
following the cleaning procedure set forth in the 
Bureau of Ships Manual, Chapter 41, Section II, Part 10. 

(c) Improper tightening of studs. Cylinder head studs 
must be drawn down evenly, in the proper order, and 
in proper increments. If this is not done, some of the 
studs will be loaded more severely than others and the 
head may deflect in the region of the loose studs. The 
cylinder head gasket will be pinched in the region of 
the tight studs, and blow-by may occur near the loose 
studs. See Figure 11-37 for the correct procedure in 
tightening cylinder head studs. 

(d) Obstruction in combustion chamber. In many cases 
cylinder heads have become damaged through the 
introduction of foreign bodies into the combustion 
space. The minute clearances necessitated by the high 
compression ratios of diesel engines will not accom- 
modate any large metal particles or appreciable quan- 
tities of water. On numerous occasions, intake or 
exhaust valves have broken loose and dropped into the 
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combustion chamber and caused extensive damage to 
the piston and head. This trouble can be prevented 
only by thorough maintenance of valve gear. (See 
Chapter 12 for valve maintenance hints.) 

In certain instances, injector tips have become 
clogged, causing breakage of the tip and consequent 
damage to the head and piston by the broken injector 
particles. (See Chapter 4 for proper maintenance of 
fuel injector equipment.) 

Observance of precautions in starting the engine 
will prevent breakage of piston or heads by water in 
the combustion space. 

Obviously, great care should be exercised to prevent 
the entrance of any metal objects, such as tools, nuts, 
bolts, pieces of wire, and similar objects, into the com- 
bustion space during overhaul of the engine. Injector 
holes in the head should always be covered when 
injectors are removed. 

2. Repair. There is no wholly successful method for 
repair of cracked cylinder heads aboard ship. Various 
cold metal welding processes have been attempted, 
but none are approved by the Bureau of Ships for this 
type of repair. 

Welding of heads can be accomplished by careful 
regulation of pre-welding and posr-welding tempera- 
tures, but the equipment necessary for such extensive 
repairs is not generally available. Moreover, only 
highly skilled personnel are qualified to make repairs 
of this nature. 

It should be remembered that attempts to weld 
heads must be carried out only with proper equip- 
ment, such as thermostatically controlled furnaces^ 
and by highly skilled personnel. Otherwise, warpagc* 
or cracking more serious than the original derange- 
ment, will result. 



b. possible trouble: 
burned or corroded cylinder head 



This trouble generally becomes apparent by a hiss- 
ing or sizzling sound from the region of the head. 
Gases of combustion may be seen leaking from be- 
tween the head and the cylinder block. 

In severe cases of corrosion, there may be intro- 
duction of water into the combustion space. Less 
severe cases will be evidenced by formation of oxide 
on the surface, and pitting of the surface. 

Figure 11-22 illustrates a cylinder head burned bv 
operation with a leaky gasket. 

1. Causes and prevention. Burned or corroded cylin- 
der heads arc due mainly to: 
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The torque specifications for a particular engine 
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all of the *tuds sharing the ]o*A y h is to be expected 
that everscres5ing and failure of. studs will occur if 
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11-27 shows in exaggerated form the condition 
exists when a few studs arc tighter than others. If the 
head is sufficiently fkfcibk, the loose studs may be 
subjected to shock load when that port too of the head 
is pushed oucward hv the forces of .cptubustioa. it is 
obvious that this is a iVighlr undesfrabk condition. 
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CHAPTER 12 
VALVE GEAR 



A. EXHAUST VALVES 

12A1. Poppet type valves and assembly. Most 
diescl engines employ the poppet type exhaust valve. 
This type of valve is very dependable, but is subject to 
the following troubles. 

a. possible trouble: 
exhaust valve sticking open 

Sticking exhaust valves are characterized by 1) an 
engine miss, evidenced by low exhaust gas tempera- 
ture; and 2) the noise of the cam follower, push rod, 
and rocker arm as they "float" between the camshaft 
and the valve stem. 

Sticking valves can be a very serious trouble. When 
a valve hangs open it not only prevents the cylinder 
from firing; it is also liable to be struck by the piston 
and bent, making it impossible for the valve to seat 
properly. In extreme cases, not very uncommon, the 
head of the valve will break off from the stem and fall 
into the cylinder. As the piston comes to the top of its 
stroke it will jam, resulting in considerable damage. 
Usually the piston will be cracked and damaged be- 
yond repair; often the cylinder head will become 
battered and cracked, possibly breaking into the water 
jacket. Occasionally the piston will break up com- 
pletely, scoring the cylinder liner and damaging the 
connecting rod. 

1. Causes and prevention. Sticking valves can be 
caused by many things. The more common causes are: 

(a) Resinous deposits left by lube oil. 

(b) Resinous deposits left by fuel oil. 

(c) Weak valve springs. 

(d) Bent valve stem. 

(a) Resinous deposits left by lube oil. Resinous de- 
posits are usually the result of improper lube oil. At 
present, Navy approved 9000 series oils, if available, 
should always be used in diesel engines. The 9000 
series oils are additive type oils that have a detergent 



action. This detergency not only prevents formation 
of gumlike deposits, but is also beneficial in reducing 
any deposit already formed. 

Changing from a nondetergent type of oil to a deter- 
gent type will, in most cases, eliminate sticking valves 
that are caused by gum formations. When initiating 
the use of detergent type oils in a dirty engine, the oil 
should be used for only a short time before changing 
it. Detergent oils will break loose the sludge and car- 
bon deposits on the engine parts. This action will 
pollute the oil very rapidly, and in much less time than 
that specified as the correct interval between lube oil 
changes. For the first two times a detergent oil is 
used in an engine, it should remain in use for only one- 
half, or less, of the usual time. When replacing the oil, 
the filter elements should be replaced and the sludge 
thoroughly cleaned from the filter and strainer cases. 
If possible, all sludge and deposits should be removed 
from the engine crankcase. 

(b) Resinous deposits left by fuel oil. In the same man- 
ner as the lube oil, some fuel oils will cause gumlike 
resinous deposits. The use of the 9000 series lube oils 
will usually counteract this effect. 

(c) Weak springs. Weak valve springs will cause 
valves to hang open more readily when the stem be- 
comes gummy. Weak springs will also allow the valve 
and valve gear to "float" at high speeds, thus reducing 
the efficiency of the engine. Valve springs become 
weakened from normal use; there are, however, sev- 
eral other factors that tend to weaken them. Probably 
the most important is corrosion. Corrosion and rust- 
ing are caused by moisture within the valve pockets, 
and are aided by the formation of dilute acids from the 
small amounts of sulfur present in the fuel oil. Exces- 
sive temperatures will also weaken the springs. 

A broken valve spring will, of course, not usually 
return a valve to its closed position. This is discussed 
more thoroughly under c. Possible trouble: Broken valve 
sprin&s, pages 224-225- 
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1 . Causes and prevention. Burned valves are caused by 
one or more of the following: 

(a) Carbon particles between seat and valve 

head. 

(b) Insufficient tappet clearance. 

(c) Defective seat. 

(d) Valve head excessively reground. 

(a) Carbon particles between seat and valve head. The 
principal cause of burned exhaust valves is the lodging 
of small particles of carbon between the valve head 
and the valve seat. These particles come from the 
engine cylinder and head when deposits on those parts 
become excessive. The particles will hold the valve 
open just enough to allow the combustion gases to 
pass. The combustion gases pass at high velocities 
and temperatures. This combination causes the valve 
to reach temperatures sufficiently high to cause it to 
burn. Seldom will the valve seat burn under these 
conditions, because there is usually sufficient cooling 
provided by the jackets surrounding the seat to keep it 
below dangerous temperatures. The valve normally is 
cooled by several factors, including its contact with 
the valve seat. When carbon particles prohibit con- 
tact, the heat normally transferred from the valve 
head to the seat remains in the valve head. 

General maintenance of the engine always includes 
frequent removal of carbon deposits. When scraping 
the carbon from the heads, extreme care must be exer- 
cised to insure that all the carbon broken loose is re- 
moved and not allowed to remain in the crevices of the 
head, as later it may loosen and get caught under the 
valves. The scraping tool must not be allowed to nick 
or scratch the valve or valve seats. It is always advis- 
able to remove the valves from the engine when scrap- 
ing carbon. This will permit easy cleaning of the ex- 
haust passages, and facilitate removal of carbon 
deposits from the underside of the valve heads (see 
Figure 12-1A). 

Advantage should be taken of the opportunity to 
inspect the valve stems and guides. Particular atten- 
tion should be paid to the keeper grooves in the end of 
the valve stem, making sure that the keepers and 
spring retaining washers fit properly. 

(b) Insufficient tappet clearance. Insufficient tappet 
clearance will cause burned valves in the same manner 
as described in paragraph (a) above. To prevent occur- 
rence of this, it is necessary to check the tappet clear- 
ance adjustments at frequent intervals to make certain 
that they are correct, and that the locking nuts arc 
sufficiently tight. It is always better to have the clear- 
ance a little greater, rather than a little less, than that 
specified in the operating and maintenance manuals. 
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Tappet clearances vary for different makes and types of 
engines, the values ranging from 0.012 inches to 
0.025 inches. The operating and maintenance manuals 
must be referred to for the correct value for a particular 
engine. 

(c) Defective seat. The seat is sometimes responsible 
for the valve burning. Most engines are equipped with 
valve seat inserts made of hard, heat-resisting, alloyed 
steel. These inserts generally prove satisfactory but 
will occasionally crack. This allows the hot gases to 
leak, burning the insert and the valve at the same 
time. Sometimes, the metallic contact between the 
valve seat insert and the counterbore is poor. Poor 
contact prevents the heat from being conducted away 
and allows the inserts to gain high temperatures. High 
temperatures cause the insert to shrink and become 
deformed. The result is that both the seat and the 
valve will become burned and require replacing. In 
extreme cases, the gases will pass between the valve 
seat insert and the counterbore in the cylinder head. 
When this happens, the head becomes burned and 
often is permanently damaged. Loose valve seats can 
be avoided only by proper installation. Prior to 
shrinking the insert into the counterbore, the counter- 
bore must be thoroughly cleaned. It should be 
cleaned of all traces of carbon with a steel brush. The 
new insert must have the proper interference, as 
measured at room temperatures. In inserting a valve 
seat, it should be chilled with dry ice, at the same time 
the cylinder head is submerged in boiling water. 
Thirty minutes should be allowed for the operation. 
The insert is then driven into the counterbore. This 
must be done quickly, for the insert will quickly gain 
in temperature and soon reach the same temperature as 
that of the head. A large drift should be used for this 
operation; the seat should never be struck directly. 

(d) Valve head excessively reground. Occasionally a 
valve will be excessively refaced as shown in Figure 
12-1E. Valves that are refaced to such an extent that 
the edge is sharp, or almost sharp, will soon burn. The 
sharp edge is incapable of conducting the heat away 
at a rate sufficient to prevent burning. It is this factor 
that limits the extent to which a valve may be refaced. 
Figure 12-1D shows a valve properly refaced, while 
A in the same figure is a used valve requiring refacing. 
The unevenness of the seating area is apparent in the 
illustration. 

Processes for rebuilding the valve face up to its 
normal level are being developed. Satisfactory results 
have been obtained by welding a bead of Stellite to 
the face, and then grinding until a perfect surface is 
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B. INTAKE VALVES AND PORTS 

1 2B1 . Poppet type valves. In four-stroke cycle 
engines, the inlet valves are of the poppet type, 
similar to the exhaust valves. Consequently they are 
subject to the same troubles and failures. Intake 
valves usually give less trouble than the exhaust 
valves, however, due to the fact that they operate at 
a much lower temperature. The intake air valve is 
greatly cooled by the air as it enters the cylinder. 
(See Section 12A, page 221 for discussion of valve 
troubles.) 

1 2B2. Ports. Two-stroke cycle engines invariably 
use cylinder ports for admitting air to the cylinder. 
These ports are located sufficiently low in the cylinder 
so that the piston uncovers them as it nears the bot- 
tom of its stroke. The only problem concerning the 
intake air ports is that of keeping them clean, pre- 
venting clogging that results from formation of carbon 
deposits. 

a. possible trouble: 
dirty and clogged intake air ports 

1. Cause and prevention. Excessive carbon deposits 
are formed from lube oil entering the air box. This 
lube oil will come from one of two places: 

(a) Leaking blower shaft seals. 

(b) Worn oil control rings. 

(a) Leaking blower shaft seals. When the shaft seals 
of the blower become worn, the lubricant will be 
drawn into the blower and then be carried by the air 
into the air box. 

(b) Worn oil control rings. Much oil can be brought in 
from the cylinders when the lower oil control rings, 
located at the bottom of the piston, are badly worn. 
Under these conditions there is a tendency for the oil 
passing the lower rings to be wiped into the ports by 
the upper rings when the piston is on the downward 
stroke. 

2. Repair. Formation of carbon about the ports is 
not to be considered an irregular condition any more 
than the formation of carbon within the cylinder. For 
efficient operation of the engine, the ports must be 
cleaned periodically. Access to the ports in most cases 
can be had by removing the inspection plates and the 
hand-hole covers. In some cases it may be necessary 
to remove the intake air header. The cylinder heads 
must be removed in all cases to get all the carbon from 
within the cylinders. It is most advisable to include 
the cleaning of the ports and the air box with each 
carbon scraping operation. This should be done in 
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addition to the regular periodic cleaning of the air 
boxes. It will insure that the ports are kept open and 
are able to admit the full air charge in the proper 
manner. 

C ROCKER ARMS AND PUSH RODS 

12C1. Rocker arms. The primary function of the 
rocker arms, and also of the push rods, is to transmit 
the motion established by the cams and followers to 
the valves, injectors, and starting valves. A secondary 
but important function of these parts often is to carry 
the oil used for lubricating the joints and bearing 
surfaces. 

A. possible trouble: 

WORN BUSHINGS 

Most rocker arms are equipped with bushings that 
form the bearing surfaces. These bushings are subject 
to wear and, when worn, make it difficult to adjust 
and maintain the proper tappet clearances. Worn 
bushings are also detected by excess lube oil leakage 
from the bushings. 

1. Cause and prevention. Bushings will wear with 
normal operation. Excess or undue wear, however, is 
usually the result of improper lubrication, which is 
caused by oil passages or loose connections. 

To prevent the occurrence of these troubles, the oil 
passages of the push rods and rocker arms should be 
blown out each time the engine is disassembled. A 
check should be made to see that the oil holes in the 
bushing are lined up properly with the oil holes in the 
rocker arms in order that the lube oil may pass through . 

The rocker arm shaft will also wear, but usually not 
so much as the bushing. The shaft must be checked 
with a micrometer to determine its amount of wear. 
Maximum allowable wear varies for different sizes of 
shafts. The usual value varies from 0.003 inches to 
0.006 inches in most cases. 

2. Repair. Replacement of bushings should be made 
if the wear is excessive. The use of a reamer is usually 
necessary for the final fit. The proper size reamer must 
be on hand before starting the job. 

b. possible trouble: 
excessive wear on pads and end fittings 

1. Cause and prevention. Wear at the points of con- 
tact can usually be associated with pitted, deformed, 
or scored surfaces. This wear takes place on the pads 
and end fittings, and is greatly accelerated if lubrica- 
tion is insufficient, or if there is excess tappet clear- 
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face disintegration, usually as a result of fatigue of the 
hardened surface. The condition is aggravated by dirt 
or other abrasives. Nicks and dents on the rollers will 
also start disintegration. 

Prevention of this trouble is impossible. However, 
the damage caused by the defective rollers can be 
minimized if the defects in the rollers are found before 
they have had sufficient time to seriously scar the 
camshaft. 

2. Repair. A constant watch must be maintained for 
defective rollers, nicks, scratches, etc., in the cam- 
shaft. Whenever a defective roller is discovered, it 
should be replaced at the first opportunity, before it 
has caused damage to the camshaft. 

If any pitting, roughness, or galling is found on the 
inclines between two sets of lobes, the surface should 
be smoothed down with a high-speed hand grinder. 
The cam lobe surfaces must not be ground. This would 
spoil the contour of the cam and make it useless (see 
Chapter 14, pages 277 to 280). No more material 
should be removed than is necessary. The camshaft 
must be removed from the engine before attempting to 
grind the surface. If the grinding is done with the 
shaft in the engine, steel and emery dust will get in 
the engine, and will cause additional trouble. 

b. possible trouble: 

worn cam follower body and guide 

1. Cause and prevention. Worn guides are usually 
caused by abrasive foreign material. When the valve 
gear is disassembled, a check should be made to see 
that the followers move freely and that they arc not 
excessively worn. Particular attention should be 
given to the positioning pins used only on the roller 
type followers. 

2. Repair. Worn guides and pins (usually the roller 
shaft pin) must be replaced. 

c. possible trouble: 

WORN ROLLER NEEDLE BEARINGS 

Some engines are equipped with needle bearings to 
eliminate friction in the rollers. These bearings are 
frequently subject to failure. 

1. Cause and prevention. These parts fail due to the 
length of service under normal operating conditions. 
Prevention of the failure is impossible unless the 
rollers are replaced periodically. The important thing 
to remember is that when the needle bearings fail, the 
camshaft is very likely to become scored and severely 
damaged. 
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2. Repair. Replacement of all needle bearings should 
be made at the first indication of flaking or galling of 
the needles. 

12D2. Mushroom type cam followers. Unlike the 
roller type cam followers, the mushroom type is not 
positioned in the guide, but is free to revolve and 
should revolve. Troubles encountered with this type 
of follower all concern the surface condition of the 
material. 

a. possible trouble: 
worn surfaces 

1. Cause and prevention. Wear on the surface of the 
cam follower is usually caused by failure of the fol- 
lower to revolve. This allows the cams to wipe the 
same surface each time the shaft revolves. The center- 
line of the follower usually is displaced slightly to one 
side or the other from the center of the cam face. This 
causes the follower to rotate, thus distributing the 
wear over the entire surface. Wear results from normal 
use but is greatly accelerated if the follower does not 
rotate properly. Once the hardened surface of the fol- 
lower is penetrated, it will begin to wear rapidly. The 
worn cam follower will in turn cause considerable 
wear on the camshaft. A check should be made 
to insure that the followers are free to rotate in order 
to minimize the possibility of this happening. 

2. Repair. Faulty cam followers must be replaced 
immediately. The surfaces of the cam involved must 
be checked, and also the lift of the cam. If improper, 
it will have to be replaced. The correct value can be 
found in the instruction manual. 

12D3. Hydraulic valve lifters or lash adjusters. 

The function of hydraulic valve lifters is to provide a 
means for controlling valve gear clearances or lash. 

The lash adjuster can be installed in the push rods, 
rocker arms, or the cam follower. 

Figure 12-11 shows a Zero Lash unit installed in an 
L-head engine. The lifter is composed of the follower 
or body (A), into which the hydraulic unit fits, re- 
placing the usual tappet adjusting screw and lock nut. 

The hydraulic unit comprises the cylinder (B), the 
plunger (C), the ball check valve (D), and the plunger 
spring (K). 

Oil from the lube oil system at approximately 50 psi 
is supplied to the hydraulic lifter through the hole 
(H) to the supply chamber (J). With the face of the 
lifter on the base circle of the cam, and the valve 
seated as shown in Figure 12-11, the light plunger 
spring (K) lifts the hydraulic plunger (C) so that its 
upper end contacts the bottom of the valve stem, thus 

Qrigiral from 
UNIVERSITY OF MICHIGAN 



VALVE GEAR 

1 ,.L.-.^^^^ 



taking up all clearance and .slack, As the p\un%tt'(C) the supply chamber to; keep if filled 1 As the cam -searts 
moves outward to absorb rhis slack, the b^ii check to lift the followers,, the ml in the cylinder (B) will : 
valve 0>) moves off ii$ seat ao^ allows rbcr oU io tKe tend to pass hack inui th<: suppiv^ bar ibis cendenev 



*\. bat this tendtnev 

supply chamber, which i$ tender ptessare, K> enter rhe wit) firmly seat the baU check (X>) and prohibit tfc from 




DIESEL ENGINE MAINTENANCE TRAINING MANUAL— U. S. NAVY 



ing, and that the lube oil filters must be changed. 

The accumulation of gums and resinous deposits is 
usually an indication of the use of the wrong type of 
oil. Navy specified 9000 series oils do not tend to cause 
gumming, but, rather, are quite beneficial in removing 
and eliminating such formations. 

(c) Check valve seat scored. The condition of the valve 
seat must also be checked. The seat is likely to score, 
in which case the oil will leak past it when under 
pressure. 

(d) Excess leakage due to wear. Excess leakage around 
the plunger can be caused by normal wear. This, how- 
ever, is not the usual case; the damage generally is 
done by foreign particles. 

2. Repair. After discovering a noisy lash adjuster 
and checking to see that the oil supply is plentiful and 
the pressure sufficient, the unit should be removed 
from the engine and disassembled. 

Only one unit should be disassembled at a time. The 
plungers are not interchangeable, and care must be 
taken not to interchange the plungers and cylinders. 
A watch must be maintained for dirt, etc., as it may 
give the clue as to what is causing the trouble. All the 
parts should be carefully washed in kerosene or diesel 
fuel. The following parts should be checked for fit: 

Cam follower body: The body must slide without bind- 



ing in its guide. It should drop under the force of its 
own weight. 

Plunger and hydraulic cylinder. These parts should fit 
closely, but not bind. 

The leakage rates of the check valve and of the 
plunger and cylinder must be checked. To do this 
kerosene should be used. The allowable rates are very 
broad in latitude. 

If kerosene is used as the fluid, the ball check 
valve should not leak more than one drop per second 
when the plunger is loaded with a 50-lb weight. 

When used in a non vertical position, the free travel 
of the ball check is important. Its travel must be 
limited to 0.014 inches. 

When reassembling the units, the plunger spring 
must be snapped into the counterbore. No attempt 
should be made to fill the cylinders with oil. This will 
be taken care of automatically when the engine is 
started. The time required to remove all the air from 
the cylinders is, of course, dependent on the condi- 
tions, but the air can usually be eliminated and the 
valve assembly be operating quietly in 30 minutes if 
the unit is in a vertical position. Forty-five minutes 
should be allowed if the assembly is not vertical. 
When the engine is first operated after work has been 
done on the lash adjusters, it should be run at the 
slowest speed that will develop full lube oil pressure* 
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PISTON AND CONNECTING 
ROD ASSEMBLY 



A. PISTONS 

1 3 A1 . Trunk type pistons. The trunk type of 
piston differs from the crosshead type in that the 
piston performs the function of the crosshead, absorb- 
ing the side thrust and guiding the piston end of the 
connecting rod. Trunk type pistons are used only in 
single-acting engines. 

Figure 13-1 shows a typical trunk piston. In order 
to clarify the discussion, the nomenclature shown will 
be adhered to. 

The design of a piston for a dicsel engine is of prime 
importance. The trunk type piston is required to 
perform several functions. The most important are: 

(a) Provide the moving wall that permits changing 
the volume of the cylinder (crown). 

(b) Support the rings used to seal the cylinder (ring 
grooves). 

(c) Takc the side thrust due to the crank and connect- 
ing rod angle (skirt). 

(d) Provide a means of attaching the connecting rod 
to the piston (piston pin boss). 

(e) Conduct the heat absorbed from combustion 
away at a sufficient rate to prevent excessive tempera- 
tures that would cause the piston to melt or burn. 

(f) Act as a valve in opening and closing ports in 
two-stroke cycle engines. 

The piston is designed with the intention of making 
it as light as possible. This is done to reduce inertia 
forces and hence the vibration of the engine. No sacri- 
fice, of course, in required strength is made to lighten 
the piston; instead, lightweight materials, coupled 
with more efficient structural designs, are used. 

The trunk type piston is subject to the following 
forces : 

(a) Gas pressure, bearing directly on the crown. 

(b) Side thrust, taken by the piston skirt. 

(c) Own inertia forces. 
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These forces together with conditions of friction, 
heat, and dirt can cause several troubles. 

a. possible trouble: 
worn piston, excessive clearance 

Excess piston-to-cylinder clearance is evidenced by 
piston slap and excessive oil consumption. Piston slap 
occurs when the piston shifts its thrust from one cylin- 
der wall to the other. This happens just after top dead 
center and bottom dead center. Oil consumption in- 
creases as a result of the taper of the cylinder as it 
wears. The taper necessitates that the rings flex at 
each stroke of the piston. This causes excessive ring 
wear which allows the lube oil to pass the rings and to 
be burned in the cylinder, resulting in excessive carbon 
deposits being built up. 

Piston wear is a normal occurrence in all engines. 
The amount and rate of wear, however, are dependent 
upon several controllable factors. 

1. Causes and prevention. Causes of excessive and 
undue piston wear are: 

(a) Insufficient lubrication. 

(b) Improper starting procedure. 

(c) Overload. 

(d) Unbalanced load, 
(c) Dirty oil. 

(f) Dirty intake air cleaner. 

(g) Improper cooling water temperatures. 

(h) Improper fit. 

(a) Insufficient lubrication. Inadequate lubrication of 
the cylinder walls will cause excess wear both on the 
piston skirt and rings and on the cylinder liners. Lube 
oil provides a layer, or film, that tends to cushion the 
piston within the cylinder and prevent metal-to-metal 
contact. 

Oil is supplied to the cylinder wall by one or more 
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(a) Obstruction in cylinder. The most common cause 
of cracked piston crowns is obstructions within the 
cylinder, such as broken valve heads, nozzle tips, or 
water. 

On several occasions, personnel have left tools, head 
nuts, etc., within the cylinders. The cylinders must 
be inspected carefully before placing a cylinder head 
in position. Openings in the cylinder head, such as 
the injector wells, must not be left uncovered. A 
wooden plug or clean cloth or paper must be stuffed 
into them. 

Damage caused by valve heads breaking off is dis- 
cussed in Chapter 12, pages 227 to 228. Whenever a 
valve head has become jammed in the combustion 
space, it is imperative that the piston crown and the 
other sections of the piston, be examined carefully for 
cracks and other imperfections. A check should also 
be made for bending of the connecting rod. 

Excessive damage caused by parts falling into the 
cylinder can be minimized if the operating personnel 
are alert and shut the engine down as soon as the 
trouble has developed. 

(b) Loose piston. The crown is the hottest portion of 
the piston and, therefore, will expand more than the 
other portions. If it were allowed to contact the 
cylinder wall, wear of the hot crown would be exces- 
sive. It is customary to relieve the crown of the piston 
above the top compression ring so that it will not have 
contact with the cylinder wall. When the piston skirt 
is worn, it may allow the piston to cock sufficiently to 
cause the crown to drag on the cylinder liner wall. 
Most pistons are not designed to take this thrust on 
the crown and therefore cracks are likely to occur. 

When the pistons are removed from the engine, the 
area above the rings should be inspected to determine 
whether or not the crown is dragging. If the appear- 
ance of the surface indicates that it is dragging, it will 
be necessary to determine the cause and to remedy it. 
It must be made certain that it is the piston crown that 
is dragging and not just the carbon deposits that have 
accumulated on the surface. The cause of the piston 
cocking which allows the crown to drag is usually a 
worn cylinder liner. However, the cause is very often 
a combination of a worn piston and a worn cylinder 
liner. The instruction manual should be consulted for 
the correct values of the dimensions. 

(c) Faulty wzgle spray. An improper fuel spray pat- 
tern will cause unequal temperatures on the crown, 
often resulting in cracks. This source of trouble may 
be eliminated by properly maintaining the nozzles. 

(d) Faulty cooling. Cooling of the crown is accom- 
plished 1) by the fresh charge of air blown over the 
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crown, 2) by conduction of heat through the piston 
rings and thence to the cylinder wall, and 3) by oil 
sprayed or conducted over the underside. If the oil 
flow is restricted, the underside of the piston will coke 
up with deposits which will lower the rate of heat 
transfer. Whenever pistons are removed, the underside 
of the crowns should be thoroughly cleaned. 

2. Repair. Attempted repair of cracked pistons is not 
recommended. If the crack continues to develop after 
attempted repair, it will cause the entire piston to 
break up and cause serious and extended damage to the 
entire cylinder assembly. Replacement of the piston 
is the only proper repair. 



c. possible trouble: 

CRACKED LANDS 

The lands of the piston are depended upon to posi- 
tion the rings properly and hold them. Serious troubles 
are encountered when the lands break. 

1. Causes and prevention. Broken lands can be at- 
tributed to the following: 

(a) Insufficient ring clearance. 

(b) Broken ring. 

(c) Cocked piston. 

(d) Excessive wear of piston ring land groove. 

(e) Insufficient cooling. 

(f) Improper piston installation procedure. 

(g) Improper piston removal procedure. 

(a) Insufficient ring clearance. For correct piston ring 
operation, it is necessary that clearance be maintained 
between the ring and the land, and also between the 
ends of the ring, in order that the ring may be free to 
flex at all temperatures of operation. The clearance 
required depends upon the size of the ring and the 
materials involved. Ring groove clearance is further 
discussed in Section B of this chapter. The instruction 
manual should be consulted for correct values for 
particular engines. 

Carbon deposits also accumulate in the grooves, 
causing the rings to bind or stick. When installing 
rings on a piston, the grooves must be cleaned before 
putting on the rings. Carbon solvent or diesel fuel 
should be used for this purpose. Both the sides and 
bottoms of the grooves must be cleaned. Carbon may 
have accumulated on the bottom of the groove to such 
an extent that a new ring may not be able to compress 
sufficiently even to enter the cylinder. The oil holes in 
the oil control ring grooves must also be cleaned; a 
small twist drill will do this quickly. 

After the ring is properly installed, the clearance 
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between the ring and the land must be checked. This 
check must be made all the way around the groove, 
not in just one place. To do this, thickness gages must 
be used. The clearance must fall within the limits set 
by the manufacturer. 

(b) Broken ring. On two-stroke cycle engines, a 
broken ring is liable to become caught in the cylinder 
ports. When this occurs, a great force is exerted on the 
land in the vicinity of the port, often resulting in a 
cracked land. The ends of complete rings (not broken 
pieces) have at times caught in the cylinder ports. If 
a ring with insufficient gap is placed in a cylinder, it 
will tend to bind in the cylinder due to expansion, and 
may be forced outward into the ports. This will cause 
initial scuffing of rings and liners, and lead to broken 
rings and eventual piston seizure. 

The catching of rings in the ports is largely de- 
pendent upon the condition of the ports. Burrs, car- 
bon deposits, or other sharp protuberances must be 
removed before installing the piston. 

(c) Cocked piston. The outside diameter of the ring 
land usually should be less than the outside diameter 
of the piston skirt. When the piston and cylinder liner 
become sufficiently worn, the piston may be allowed 
to cock sufficiently to cause the ring lands to drag on 
the cylinder walls. This loads the lands excessively 
and can cause them to become broken. If the lands are 
dragging on the liner, the piston and liner must be 
measured and the cause of dragging determined. The 
usual cause is that both the piston and the liner are 
worn beyond the allowable limit as set by the engine 
manufacturer, thus requiring replacement both of the 
piston and the liner. 

(d) Excessive wear of piston ring land grooves. Excessive 
wear of the rings in the lands will also have a tendency 
to cause land breakage under the hammering action on 
the land. If this condition exists, new pistons should 
be installed. Occasionally the ring grooves are ma- 
chined and oversize rings installed. 

(e) Insufficient cooling. Insufficient and uneven cooling 
will cause failure of the ring lands. The cooling oil 
passages and the undersides of the piston must be 
kept clean. 

(f) Improper installation procedure. Proper care must 
be exercised when inserting the piston in the cylinder 
if ring and land breakages are to be averted. No at- 
tempt should be made to install pistons without the 
proper ring compressor. The piston must be lowered 
into the cylinder gently. A chain hoist should be used 
for large pistons. No attempt should be made to lower 
the piston and rod assembly into the cylinder by hand. 
If the piston rings are allowed to catch on the top of 
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the cylinder, the land holding the rings is likely to 
crack. 

(g) Improper removal procedure. Ring lands are some- 
times broken while the piston is being removed from 
the cylinder. Before the piston is removed, the area 
of the cylinder above the ring travel must be scraped 
free of all carbon. In some cases, it may be necessary 
to level the metal ridge at the end of the ring travel . 
The ridge should be scraped with a regular steel 
scraping tool. A cloth should always be placed in the 
bore to catch the scrapings. 

2. Repair. Repairs to ring lands should not be at- 
tempted except in cases of extreme emergency, and 
then only when experienced machinists are available. 
A cracked or broken land requires that a new piston 
be used. 

d. possible trouble: 
piston skirt seizure 

This trouble is evidenced by binding of the piston. 
The appearance of the piston skirt will be similar to 
that shown in Figure 13-6. Such galling and scuffing 
of the skirt will often result in the engine "freezing 
up" and possibly breaking the piston and other major 
parts. 

1. Causes and prevention. 

(a) Insufficient clearance. 

(b) Excessive temperatures. 

(c) Inadequate lubrication. 

(a) Insufficient clearance. Installation of pistons with 
insufficient clearance will result in this type of failure. 
The piston-to-cylinder clearance must always be 
checked before final assembly. The proper value may 
be found in the instruction manual. If the clearances 
are insufficient, the parts must not be assembled with 
the thought in mind that increased and sufficient 
clearances will be gained by "wearing in." Such a 
practice may cause serious results. The clearances must 
be correct when the parts are assembled. 

(b) Excessive temperatures. Piston seizure is often the 
result of overheating. The engine must always be 
operated within the limits established by the Bureau 
of Ships. 

(c) Inadequate lubrication. An adequate flow of oil to 
the cylinder surface is required if the pistons are to be 
prevented from seizing. 

2. Repair. Pistons that have seized within the 
cylinder liner should not be used again unless the 
piston is thoroughly checked and the surfaces refin- 
ished. It is always better to use a new piston if one is 
available. In cases of emergency, the piston should be 
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visablc that the sight gages be carefully observed at 
least once each four-hour watch. At the same time, the 
level of the oil in the cylinder lube oil tank should 
be checked. 

The lube oil lines are connected to the cylinder lube 
oil check valve assembly. The function of these check 
valves is to prevent the gas pressure within the cylin- 
der from being exerted upon the lube oil in the lines, 
thus making it impossible for the lube oil to get into 
the cylinder. In some cases, the check valve assembly 
has loosened and allowed the jacket water to enter the 
cylinder. Other cases have occurred where the gasket 
has become damaged and water leakage has resulted. 
Whenever the lines are removed from check valve as- 
semblies, advantage should be taken of this oppor- 
tunity to determine whether the valve is tight. If 
water is ever found in the cylinder of an HOR engine, 
the first place to look for the trouble is in the cylinder 
lube oil check valve assemblies. 

(b) Overload. Operation with the engine overloaded 
will increase the rate of wear of the babbitt band. 
Higher operating temperatures are encountered at 
overload conditions and tend to soften the babbitt. 
Diesel engines should not be overloaded unless a con- 
dition of emergency exists, and then only as long as 
the emergency exists. 

*■■□•-•! 

EXPLODED VIEW 




ASSEMBLED VIEW 
Figure 73-70. Cylinder lube oil check valve. 

(c) Overheating. Care must be taken to prevent the 
piston from overheating. The only indication of the 
piston temperature is the temperature that the lube 
and cooling oil attains before entering the oil cooler. 
The piston is cooled with lubricating oil that is 
pumped through the piston rod and piston by a posi- 
tive displacement IMO pump. The temperature of the 
lube oil leaving the engine should be maintained 
within a range of 140°-180° at all engine loads and 
speeds. The cooling water high temperature alarm 
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should be so regulated that it sounds off when the 
temperature reaches approximately 185° F. Inability 
of the coolers to keep the lube oil at the prescribed 
temperature indicates that the cooling system, and 
the lube oil cooler in particular, require servicing. 
(See Chapter 6 for trouble and maintenance instruc- 
tions for oil coolers.) 

(d) Worn rings. Excessively worn rings will allow 
the combustion gases to pass the piston skirt. When 
this occurs, the gases tend to heat the piston skirt 
excessively. Combustion temperatures are above 550° 
F. Since babbitt begins to melt at about 450° F, the 
babbitt band is likely to reach its melting temperature 
if much blow-by is encountered. 

(e) Broken rings. Piston rings sometimes get caught 
in the cylinder ports, and in so doing, are broken into 
small pieces. These small pieces of rings score, and 
sometimes become embedded in, the babbitt material. 
To lessen the damage caused by broken rings, the 
rings should be inspected at frequent intervals through 
the sight glasses or inspection covers in the intake 
manifold. 

2. Repair. Worn and damaged piston skirts must be 
replaced. Attempts at rebabbitting the piston skirt 
should not be made in the ordinary shop. Before the 
piston is replaced in the cylinder, the port openings 
must be checked. They must be free from any burrs or 
other protuberances. The piston skirt-to-cylinder 
clearances should also be checked. 

B. PISTON RINGS 

13B1. General. Piston rings fall into two general 
classifications, compression rings and oil control rings. The 
three functions that the piston rings are required to 
perform are: 

(1) To seal the cylinder and combustion space, thus 
preventing leakage of the compressed gas within the 
cylinder. This is accomplished principally by the 
compression rings. 

(2) To control the lube oil on the cylinder surfaces 
in such a manner as to prevent excess oil from getting 
into the combustion spaces, hence reducing lube oil 
consumption. This is accomplished principally by 
the oil control rings. 

(3) To aid in the removal of the heat absorbed by 
the piston crown. All piston rings conduct heat from 
the crown to the cylinder walls. 

The majority of piston rings are made of cast iron, 
and all are of similar design. Different types of end 
joints are employed: straight cut, step, and diagonal, 
as shown in Figure 13-12. 
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WIDTH 




COMPRESSION RING 




OIL CONTROL RING 




VENTED OIL CONTROL RING 

Figure 13-11. General types of piston rings. 



A. possible trouble: 

WORN COMPRESSION RINGS 



Compression leakage, resulting in low compression 
pressure, will cause hard starting, loss of power, 
smoky exhaust, waste of fuel, excessive use of lube oil, 





STEP 




Figure 13-12. Common types of piston ring gaps. 
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- GAP (FREE) 
Figure 13-13. Piston ring nomenclature, 

and poor engine operation in general. Low compres- 
sion pressures are detected by regular periodic tests 
and by trouble shooting. The checking of compres- 
sion pressures should be a part of the regular routine of 
every engine room force. Methods of taking the pres- 
sure readings vary with each different engine. The 
instruction manual should be consulted for the best 
method for a particular engine. 

Low compression pressures are not always the result 
of worn piston rings and cylinder liners. 

Other factors that can cause low compression pres- 
sures are: 

(a) Leaking cylinder valves. 

(b) Faulty injector gasket. 

(c) Faulty cylinder head gasket. 

(d) Leaking after-chamber valves. 

(e) Clogged intake ports. 

(f) Intake air header leakages. 

(g) Faulty blower. 

(h) Clogged air filter. 
When a cylinder with a low compression pressure is 

located, the possibility of the cause being one of those 
mentioned above must be eliminated before any step 
is taken to disassemble or replace the piston rings. Of 
the causes listed above, (a) to (c) are causes that 
would affect the pressure in only one cylinder of a 
multi-cylinder engine, while (f) to (h) are causes 
affecting all cylinders, or at least a group of cylinders. 

1. Causes and prevention. Excessive piston ring wear 
can be credited to one of the following causes: 

(a) Inadequate lubrication. 

(b) Excessive piston heat. 

(c) Rings damaged during installation. 

(d) Ring-to-groove clearance insufficient, 
(c) Dust and dirt in intake air. 

(0 Dirt in lube oil or fuel oil. 

(g) Rings stuck in grooves. 

(h) Worn cylinders. 

(a) Inadequate lubrication. Piston ring wear and 
cylinder liner wear go hand in hand. Insufficient 
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lubrication will add greatly to the wear of the rings. 
The subject of piston lubrication is discussed in Chap- 
ter 13, pages 235 to 236. The lubrication problem 
affects equally the piston and the piston rings. 

(b) Excessive piston heat. Excessive piston heat will 
cause rapid piston ring wear by causing the piston ring 
grooves to become caked with carbon, preventing free 
movement and expansion of the rings, thereby pre- 
venting the rings from following the cylinder contour 
and properly sealing the cylinder. (See c. Possible 
trouble: Sticking rings, pages 250 to 251.) 

(c) Rings damaged during installation. Many rings 
are ruined before they are ever run in an engine, due 
mainly to the inexperience of the man on the job. 
Piston rings, while not exactly delicate, should be 
handled with reasonable care. The damage usually 
occurs when the rings are being placed in the grooves 
on the piston, or when the piston is being inserted in 
the cylinder bore. 

(d) King-to-groove clearance insufficient. This will 
cause the rings to stick. Hot gases passing the rings 
will cause deposits which will stick the rings even 
tighter. One of the principal forces that hold the 
piston ring against the cylinder wall is the gas pres- 
sure itself. If the ring-to-groove clearance is insuffi- 
cient, the gas pressure will be unable to get behind the 
ring and force it out, thus increasing the probability 
of gas leakage. 

(e) Dust and dirt in intake air. Improper maintenance 
of the air filters will allow abrasives such as dust and 
dirt to get into the cylinders, where damage to the 
cylinder, pistons, and rings will result. 

(f) Dirt in lube oil or fuel oil. This can be responsible 
for excess piston ring wear. However, this usually 
causes severe trouble in the bearings or fuel injection 
pumps and nozzles long before the effect becomes 
noticeable on the piston rings. See Chapter 6, pages 
135 to 136 for information on the maintenance of lube 
oil filters, and Chapter 4, pages 92 to 97 for notes on 
fuel oil strainers and filters. 

(g) Rings stuck in groove. This cause is discussed 
separately as c. Possible trouble: Sticking rings, pages 
250 to 251. 

(h) Worn cylinders. The condition of the cylinder 
bore is of prime importance and is probably the great- 
est factor affecting the wearing of the piston rings. 
Not only is the surface condition important, but also 
the amount of taper, and out-of-roundness. 

Excess taper causes the rings to flex on each stroke. 
This flexing adds greatly to the wear of the rings. New 
rings installed in cylinder bores having excess taper 
should not be expected to give satisfactory service. 
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When the cylinder is out-of-round, new rings cannot 
be expected to seat as readily as in a circular bore. By 
placing all ring gaps above the piston pin bosses, the 
ring is in the best position to make allowance for the 
cylinder wear. Gaps of adjacent rings should be 
staggered 180 degrees to reduce gas leakage through 
them. If the rings have diagonal gaps, the direction 
of the slope of the gaps on adjacent rings should be 
alternated. See Chapter 11, pages 199 to 208 for a 
complete discussion of cylinder liner wear and how to 
measure it. 

2. Repair. Worn piston rings cannot be repaired. 
They must be replaced with new rings. Care must be 
exerted to insure proper installation of new rings. 

Installation of piston rings involves considerably 
moreskill than at first presents itself. Proper installation 
starts at the beginning of the job when the piston and 
connecting rod are being removed from the cylinder. 
The piston must not be removed from the cylinder 
until the cylinder surface above the ring travel area 
has been scraped. All carbon should be removed, and 
if an appreciable ridge is present, it will also be neces- 
sary to remove the lip of it before removing the piston. 
The ridge must not be removed by grinding as this 
will allow abrasive particles from the stone to reach 
the engine. This abrasive matter is one of the most 
damaging things that could possibly get in an engine 
as the hard particles will scar and damage the pistons, 
cylinders, bearings, and all other moving parts. The 
ridge must be removed by scraping it with a steel 
blade. A cloth should be placed in the cylinder to 
catch all metal cuttings. The lip of the ridge on the 
cylinder liner, which in most cases is made of cast 
iron, can be quickly leveled off by scraping to allow 
the rings to slide over it. If the size of the ridge war- 
rants it, the liner should be removed from the cylinder 
block after the piston has been removed and then the 
job of removing the ridge finished. With the cylinder 
liner removed from the block, it is permissible to 
either hand stone the ridge or to use a power grinder. 

The actual removal of the piston should be accom- 
plished by using a chain fall, or if none is available, a 
small block and tackle. This, of course, applies only 
for larger engines where the piston crown is provided 
with a means of securing a hook eye. On small en- 
gines, the pistons can be removed by hand, but even 
then, any block of" wood that can be utilized to aid in 
raising the piston should be used. 

After the piston and connecting rod have been re- 
moved, it is necessary to remove the piston pin. When- 
ever the piston and connecting rod assembly is re- 
moved from the engine, it is advisable to check the 
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cated by low pressure gage readings. If the defective 
piping is exterior to the engine, the bilges will usually 
contain a considerable amount of lube oil. 

(d) Improper oil. Use of the improper grade of lube 
oil may cause excessive wear and high temperatures. 
The instruction manual should be consulted for the 
proper grade and viscosity. 

1. Causes and prevention. Oil control rings will wear 
under normal operating conditions. The rate of wear, 
however, is greatly accelerated by several factors. 
These are discussed under a. Possible trouble: Worn 
compression rings, page 245- The material discussed 
there also applies to oil control rings. 

2. Repair. See 2. Repair, page 246. 

c. possible trouble: 

STICKING RINGS 

Sticking rings arc evidenced by loss of power, 
smoky exhaust, excessive lube oil consumption, and 
sometimes by fumes caused by blow-by of the combus- 
tion gases coming from the crankcasc. Sticking rings 
will result in low compression pressures and can be 
found through periodic tests of the compression pres- 
sures. In most two-stroke cycle engines, it is possible 
to check the rings through the cylinder ports. This is 
done by barring the engine over until the ring is oppo- 
site the port opening. With the aid of a piece of wood, 
the ring can be compressed in the groove through the 
ports. If the ring shows discoloration and does not 
move freely in the groove, some action must be taken. 
The action is dependent upon the severity of the case 
and the cause of the trouble. 

1. Causes and prevention. Sticking rings arc caused 
by one or more of the following: 

(a) Improper ring-to-land clearance. 

(b) Insufficient ring pressure. 

(c) Excessive operating temperatures. 

(d) Improper lube oil. 

(e) Improper installation. 

(a) Improper ring-to-land clearance. One of the princi- 
pal causes for sticking rings is an insufficient amount 
of clearance between the rings and the lands. A set of 
rings should never be placed on a piston without first 
checking every ring for the proper clearance. See 
2. Repair, page 246. 

(b) Insufficient ring pressure. The natural forces of the 
ring tending to spring it out against the cylinder walls 
are required to make the initial seal of the ring. Later, 
the seal is reinforced by the gas pressures within the 
cylinders. If the ring is scmicol lapsed, it will not seat 
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with the proper force, nor will it be able to overcome 
any slight binding of the ring in the groove. Rings 
become weak from extended use and from overheating 
of the engine. A check on the condition of the ring 
can be made by measuring the free gap of the ring. 
Some instruction manuals give the proper value for 
this gap. If not, the gap should be compared with 
that of a new ring. 

(c) Excessive operating temperatures. Excessive op- 
erating temperatures will cause the lube oil to oxidize, 
leaving carbon deposits on the rings and in the 
grooves. Operating temperatures should be watched 
carefully. 

(d) Improper lube oil. Some lube oils when used in 
diescl engines cause resinous gumlike deposits on the 
many engine parts. These deposits have often been 
referred to as engine varnish, carbon, gum, and so forth, 
and when present on rings and in the ring grooves, can 
be responsible for sticking rings. Navy approved 
9000 series oils, however, do not cause such deposits. 
In fact, they have detergent properties making them 
beneficial in the removal of such deposits. 

(c) Improper installation. The task of putting a set of 
rings in an engine is an important one. While it may at 
first appear to be the simple operation of putting the 
rings on the piston and returning the piston to the 
cylinder, it involves much more, as described in 2. 
Repair, page 246. 

2. Repair. Stuck rings should be remedied by remov- 
ing the piston from the engine, and then removing 
the rings from the piston grooves, so that all parts can 
be thoroughly cleaned and checked. 

Mild cases of sticking rings, where it was felt that 
possibly the lube oil was at fault, have been remedied 
by changing the oil and refilling with a 9000 series oil . 
The oil must not be allowed to become overloaded 
with carbon particles. It must be changed at intervals 
as specified in the instruction manual, or an analysis 
made of it. 

Rings securely stuck in the grooves should first be 
soaked in carbon and lacquer removing compound 
(Fed. Std. Stock Cat. No. 51C-1 567-56). If time per- 
mits, the piston should be allowed to soak overnight. 
If the compound is not available, kerosene, or diesel 
fuel may be used. 

If soaking does not free the rings, it will be neces- 
sary to drive the rings out with a brass drift. Consider- 
able care must be taken to insure that the piston ring 
lands are not damaged. The end of the brass drift 
should be ground in such a manner as to allow it to 
reach the ring without contacting the lands. 

After the rings have been removed, the grooves 
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must be thoroughly cleaned and inspected for cracks 
and burrs. 



d. possible trouble: 
broken rings 

Operational evidences of broken piston rings are 
hard starting, loss of power, excessive lube oil con- 
sumption, and possibly the emission of smoke from 
the crankcasc breather. 

Broken rings can be found on two-stroke cycle en- 
gines by inspecting them through the intake air ports. 
Quite often, broken rings have all the appearances of 
stuck rings, being blackened by the gases passing 
the ring. 

Serious trouble often results from broken rings. The 
broken portions, if sufficiently small, arc likely to 
catch in the cylinder ports of two-stroke cycle engines 
and thereby cause severe damage to the piston and the 
cylinder liner. 

1. Causes and prevention. Broken rings may be caused 
by one or more of the following: 

(a) Cylinder liner ridge. 

(b) Cylinder port protuberances. 

(c) Insufficient gap clearance. 

(d) Insufficient clearance behind ring. 

(a) Cylinder liner ridge. The ridge formed by the 
wearing away of the cylinder liner material near the 
top of a used cylinder liner can be the cause of ring 
breakage. It affects the top ring on the piston, some- 
times called the firing ring inasmuch as it is exposed 
directly to the combustion gases. While the ridge may 
not cause damage to an old set of rings, new rings if 
installed will travel higher in the bore by an amount 
equal to the wear of the old rings. Should main or 
connecting rod bearing inserts be replaced with new 
ones as well, the piston will travel higher in the cylin- 
der by an amount equal to the total wear of all the 
replaced parts. Not only is this ridge likely to cause 
breakage of rings, but it can also cause breakage of the 
piston lands. 

To avoid this trouble, it is necessary to remove the 
ridge from the cylinder when replacing the rings. The 
ridge should be removed before removing the piston. 
(See 2. Repair, page 246.) 

(b) Cylinder port protuberances. It is felt that most 
piston ring breakages in ported engines are caused by 
the rings becoming caught in the ports. This condi- 
tion is made more severe if any protuberances are in 
the vicinity of the ports. Most ports are chamfered to 
help correct the tendency of the ring to become 
jammed in the port. Every precaution must be taken 
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to be sure the ports are not damaged at the cylinder 
bore surface. The ports can be quickly checked by 
rubbing a finger over them. All burrs should be re- 
moved with a small file. 

(c) Insufficient gap clearance. This will cause undue 
loads to be placed on the ring, and will tend to cause 
the ring to be forced out and into the ports of ported 
cylinders. 

To determine whether of not the gap clearance of a 
broken ring is insufficient, the ends of the ring should 
be inspected. If the gap is insufficient, a bright spot 
indicating contact will be found at each end of the ring. 

Rings should never be installed in a cylinder with- 
out first recording all the measurements of the gap and 
ring-to-land clearances. Special attention must be 
given to insure sufficient gap clearance at both the top 
and the bottom of the cylinder bore. 

(d) Insufficient clearance behind ring. The function of 
a piston ring is not to support or to position the piston 
in the cylinder bore. There must be clearance behind 
the ring at all times. If not, the rings arc likely to 
become loaded by the inertia forces and by the side 
thrust on the piston. These forces should be borne 
solely by the piston skirt (trunk type pistons). 

Factors causing the ring to bear on the root of the 
groove are: 

(1) Carbon deposits on rings and in grooves. Carbon 
deposits will occur in most engines to some degree. 
When replacing rings, always thoroughly clean the 
grooves, for while the carbon deposits in the groove 
may not interfere with the old worn rings, they will 
interfere with new rings. 

(2) New rings installed must be of the proper depth. 
The correct value for a particular engine is given in the 
instruction manual. 

(3) Worn piston skirts and cylinder liners often 
allow the piston to cock to the extent that the crown 
and lands will drag on the cylinder walls. If the depth 
of the grooves is insufficient, the rings will be required 
to take some of the load and, therefore, be subjected to 
breakage. Some of the smaller high-speed diesels are 
equipped with flat spring stock behind the oil control 
rings, sometimes called marcels because of the wavy ap- 
pearance of the spring. These marcels increase the force 
of the oil control rings on the cylinder surface. Care 
must be taken to insure that the marcels are installed 
in the proper grooves. These oil ring grooves are of 
extra depth, to accommodate the added spring. Should 
the spring be erroneously placed behind a compression 
ring, it would limit the amount the ring could be com- 
pressed, and probably make it impossible to insert the 
piston in the cylinder bore. 
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D. possible trouble: 

WORN NEEDLE BEARINGS 

Worn needle bearings can be located during engine 
overhaul by measuring the diameter of each individual 
needle bearing with a micrometer. The correct and 
limiting values of the needle diameters may be found 
in the instruction manual. It is also necessary that the 
surface condition of each be closely inspected. // any 
surface pitting is found, or wear on any individual needle is 
found, the entire set of needle bearings must be replaced. 
They are never partially replaced. 

1. Causes and prevention. Causes of needle failures 
arc as follows : 

(a) Dirty lube oil system. 

(b) Overload. 

(c) Needle bearings interchanged. 

A more complete discussion of frictionless bearings 
may be found in Chapter 16. 

(a) Dirty lube oil system. The clearances involved in 
needle bearings are very small. Therefore, any particle 
of dirt that enters the system is likely to cause the 
bearing surfaces to become pitted. This condition is 
more serious in a needle type bearing than in the usual 
journal bearing, inasmuch as the needle bearing is 
incapable of imbedding any of the particles found in 
dirty oil. 

(b) Overload, The unit load on the needle bearing is 
very great, due to the fact that the area of contact is 
very small. Overloading of the engine should be 
avoided as it will add greatly to the already highly 
loaded bearings. 

(c) Needle bearings interchanged. One of the most 
usual causes of worn or damaged needle bearings is 
that the individual needles from one set are inter- 
changed with those of another set. Unless the diam- 
eters of the needles in a set are all exactly the same, the 
larger ones will support the load. This means that the 
larger ones are overloaded. This type of overloading 
quickly leads to failure of the entire needle bearing. 
For this reason, it is necessary that all the needles of 
each set be discarded whenever any of them becomes 
damaged or worn. When disassembling a needle bear- 
ing, it is essential that great care be taken not to drop 
or lose any of the needles. All the needles for each 
bearing should be kept together in a separate container 
provided for each individual bearing. 

2. Repair. There is no repair for the needle bearing 
that is worn or damaged. Proper maintenance of 
them, however, as given below, will increase their life. 

(1) An arbor should always be used when assem- 



bling or disassembling a bearing. Care should be taken 
not to drop any parts. 

(2) All parts should be cleaned thoroughly in a 
cleaning solvent, and allowed to dry on a clean cloth. 

(3) Each needle bearing must be inspected for surface 
irregularities. The diameter of each needle bearing 
must be measured with a micrometer. If there is any 
variation in any of the needles, the entire set must be 
replaced. The replacement of one or more needles in a 
set, with even a slight difference in size, will cause 
total failure of the bearing. This may result in serious 
consequences to the entire engine due to steel particles 
of the needle finding their way through the lube oil 
channels to other bearings. Surface failures are often 
caused by fatigue of the metal. The fact that one 
needle has failed is an indication that all the needles 
are about to reach their limit of useful service. 

(4) When assembling the bearing, care must be 
taken to insert all the needles. A heavy grease may be 
used to hold the needles in place during the assembly 
operation. The arbor provided must be used, and it 
must be wiped free of all dust and dirt. If no arbor is 
available, it is probable that one can be improvised. 

D. CONNECTING RODS 

13D1. General. The function of the connecting 
rod is to transmit the reciprocating motion of the 
piston to the crankshaft. The rod may be connected 
directly to the piston, which is the usual condition for 
single-acting engines, or it may transmit the motion 
through a crosshead, as in larger engines and in double- 
acting engines. Connecting rods in general are of the 
two types shown in Figure 13-25. 

Connecting rod troubles usually involve either the 
connecting rod bearing or the piston pin bearing. 
Troubles encountered with these parts are thoroughly 
discussed in other sections of this book. For connecting 
rod bearing troubles, see Chapter 15; for piston pin 
bearing troubles, refer to Section C of this chapter. 

a. possible trouble: 
misaligned rod 

Misalignment of the connecting rods can be re- 
sponsible for several troubles encountered with the 
piston-connecting rod assemblies. A misaligned rod 
will cause binding of the piston, piston pin, and the 
connecting rod journal bearings. This binding is 
likely to result in breakage and increased wear of the 
parts, leading to total failure and possibly damage to 
the entire engine structure. 
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cause. If the trouble can be attributed to one of the 
above, the necessary correction must be made and the 
bore again checked. If permanent deformation has 
taken place, it will be necessary to replace the rod. 

E. CROSSHEADS AND PISTON RODS 

1 3E1 . Crossheads. As stated at the beginning of 
this chapter, most single-acting engines employ trunk 
type pistons. At all points in the stroke, except at top 
and bottom dead center, there is a side thrust exerted, 
first on one side of the liner and then on the other, 
depending upon the position of the piston and the 
connecting rod and the rotation of the crankshaft. 
(See Figure 13-30.) This side thrust, which is moder- 
ate in the smaller single-acting engines, is absorbed by 
the cylinder walls (liner). The presence of this thrust 
makes an oil film necessary between the cylinder and 
piston. This film will prevent metal-to-metal contact. 
If the clearance between the piston and cylinder is 
excessive, a pounding noise, called piston slap, will 
occur as the thrust alternates from side to side. 

An entirely different situation arises in double- 
acting engines as a result of the forces of combustion 
acting on both ends of the piston. A piston rod must 
be used in such an engine to permit the use of a stuffing 



box to seal the lower cylinder. The connecting link 
between the piston rod and connecting rod, known as 
the crosshcad assembly, absorbs the side thrust normally 
taken by the cylinder liners. This assembly, therefore, 
guides the piston rod along the vertical axis of the 
cylinder (see Figure 13-31). The crosshead is the 
head or block that slides along a guide, commonly 
called a crosshead guide. 

In Figure 13-31B, gas pressure exerts a force that 
moves the piston toward the crank. As the engine is 
rotating clockwise, a compressive force is exerted 
upon the connecting rod that not only tends to com- 
press the piston rod, but also tends to push the bottom 
of the piston rod to the left. This tendency to push 
creates a side thrust that is exerted upon the machined 
steel surface of the crosshead guide, through the cross- 
head. In A of this illustration, both the piston rod 
and the connecting rod are in tension, with a resultant 
thrust again to the left on the crosshcad guide. Thus, 
for a double-acting engine rotating in the ahead direc- 
tion there will always be a side thrust exerted against 
the crosshead guide. This is unlike the side thrust in 
a single-acting engine, which alternates from side to 
side. For double-acting engines, the side thrust acts in only 
one direction, for the ahead direction of rotation. If the 
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be properly installed so that there will be an unob- 
structed oil passageway through the linkage assembly. 
The link pin must be stamped or marked to insure 
proper installation. During any disassembly of the 
crosshead assembly, the oil passageways must be 
inspected and cleaned if necessary. 

(b) Improper fitting of crosshead pin to crosshead pin 
bushing. The correct procedure in installing a cross- 
head pin bushing is to hand scrape the bushing, after 
it is pressed into the crosshead, to establish properly 
the designed clearance. If the bushing is improperly 
fitted with insufficient clearance, there is danger that 
immediately upon starting, the crosshead pin will 
expand as a result of the heat liberated, and seize 
against the crosshead pin bushing. If the crosshead 
pin bushing clearance is excessive, there is the proba- 
bility that a pounding noise will emanate during oper- 
ation. This noise is similar to the noise resulting from 
wiped connecting rod bearings. 

2. Repair. In removing a pin from the connecting 
rod, a screw type puller is used. It screws into internal 
threads within the bore of the crosshead pin. 

If seizure has occurred, a new bushing and probably 
a new crosshead pin should be installed. The cross- 
head pin must be fitted to crosshead pin bushing cor- 
rectly, as stated above. 

In replacing a crosshead pin, the nuts at each end of 
the pin should be alternately taken up a little at a 
time until each is secure, before they are locked with 
a wire. 

If the dowel pin securing the crosshead pin to the 
connecting rod has sheared, it is likely that the con- 
necting rod will also be scored, as previously stated. 
In such cases, replacement of the connecting rod is 
necessary. 

c. possible trouble: 

WIPED OR PITTED BABBITT MATERIAL ON SLIPPER 

The bearing surfaces of the slipper are babbitted. 

1. Causes and prevention. The outstanding causes for 
the failure of the babbitt material arc: 

(a) Improper lubrication. 

(b) Careless handling during overhaul. 

(c) Misalignment. 

(a) Improper lubrication. The means by which the 
guide, gib, and slipper receive lubrication has been 
discussed in (b) Misalignment, page 262. 

This lubricant must not only be of sufficient quan- 
tity to prevent metal-to-metal contact, but must also 
be free from water, acid, or foreign particles for the 
prevention of corroded or pitted surfaces. 
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(b) Careless handling. It is extremely easy to damage 
the babbitted slipper during removal of the crosshead 
and connecting rod. The slipper must be immediately 
covered with a soft, clean cloth for protection against 
scratches, etc. The slipper should be placed in such a 
position that the babbitted surfaces do not come in 
contact with any metal surface. In one method of 
removal (discussed under 2. Repair, below), the slipper 
must be momentarily rested against the hand-scraped 
housing surface, but extreme care should be exercised 
to see that a large soft cloth is placed between the 
contact surfaces. The guide and gibs must also be 
handled carefully. 

(c) Misalignment. Any misalignment that will cause 
undue wear of the surfaces will result in wiping or 
melting of the babbitt on the slipper. 

2. Repair. When maximum clearance limits arc 
reached, the worn guide, gib, or crosshead slipper 
must be replaced by new parts furnished as spares. 

There are two methods for removing the crosshead 
slipper assembly from the engine. In both cases, the 
connecting rod and crosshead are removed together, 
as a unit. In one method, the guide and gibs are also 
removed as a unit. In the other, the gibs are removed 
from the guide, the guide being left in its normal posi- 
tion connected to the engine frame. If it is necessary 
to remove the guide, in this second method, it can be 
done after the crosshead and connecting rod assembly 
is clear of the engine. 

There are several advantages for the method of 
removing the guide and gibs as a unit. It makes the 
lower cylinder head hold-down nuts more accessible 
for removal. It also decreases the possibility of drop- 
ping or scratching the babbitted surfaces of the guide 
and gib when they are removed from the engine sepa- 
rately. The gibs are secured to the guide by fitted bolts 
that must be driven out before the gibs can be removed, 
if the second method of removal is used. Although a 
brass rod is recommended for driving the bolts, the 
threads still become bruised and it is almost always 
necessary to run a die over the threads of the bolts 
before the bolts can be used again. The only disadvan- 
tage in this method of removing the guide and gibs as 
a unit is the necessity of resting the slipper momentarily 
upon the hand-scraped surface immediately after the 
guide and gibs have been slid from the slipper. There 
must be a large clean cloth between the contact sur- 
faces to protect the relatively soft babbitt material. 
This support for the slipper and connecting rod is only 
momentary, as stated, until the crosshead assembly 
can be hand supported in order that the slipper will 
not contact metal surfaces while the engine is jacked 
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PISTON AND CONNECTING ROD ASSEMBLY 



be maintained at all times. See (b) Misalignment, 
page 262. 

(e) Careless handling by inexperienced personnel. Many 
piston rod scratches have occurred because of careless 
handling during removal and installation. Bent, 
scratched, or dented rods may cause scoring. If care is 
exerted in installing and removing the piston and rod, 
many subsequent troubles will be avoided. 

2. Repair. The engine instruction manual gives 
.008 in. as the maximum distortion allowable before 
rod replacement is necessary. This measurement can 
be taken, after piston disassembly, by supporting the 
rod between two accurate V-blocks and checking the 
bow reading with a dial indicator. 

The stuffing box must be handled carefully to avoid 
rod scoring. It is advisable, during piston removal, to 
check the rings in the stuffing box for free movement 
and play. If the lower cylinder head has been removed 
and the stuffing box is suspected to be carboned con- 
siderably, it is advisable to soak the entire stuffing box 
assembly in a container of clean diesel fuel or Gunk. 
The carbon will be softened and can easily be removed 
after several hours of soaking. The assembly should 
be secured by two pieces of locking wire to prevent its 
coming apart during the inspection and soaking period. 
One wire should extend around the periphery; the 
other should extend through the passage usually 
occupied by the piston rod and around the outside 
snap rings. The stuffing box should not be disassembled 
unless absolutely necessary. If necessary, the old fire 
rings should be replaced with new ones. The fire-ring- 
to-rod clearance should be from 0.001 in. to 0.0015 in. 
The stuffing boxes should not be switched between the 
cylinders nor should the rings be interchanged. 

The precautions given for the stuffing box apply also 
to the division cover. During the overhauling of the 
piston, the division cover should be cleaned, butt 
clearances taken, and the rings overhauled if neces- 
sary. The division cover will not be subjected to the 
high temperatures and pressures of combustion; there- 
fore, less troubles will be encountered with the divi- 
sion cover than with the stuffing box. 

If a new piston rod or stuffing box has been installed, 
there should be a wearing-in period of operation. The 
procedure of operation may be obtained from the en- 
gine instruction manual, and it should be followed 



exactly. Under no condition should the lower fuel 
pumps be cut in when operating with a new rod or 
stuffing box. This will prevent any possible rod seizure 
within the stuffing box. The lower cylinder indicator 
cocks should be opened quite often during the wear- 
ing-in period, to remove excessive lube oil and fuel 
oil accumulations. 



b. Possible trouble: 
broken, shattered, bent, or seized piston rod 

If a rod becomes seized within a stuffing box, an ex- 
treme load is applied to the moving mechanisms, often 
bending or breaking the rod and the stuffing box. The 
trouble will be evidenced by a severe noise from the 
cylinder in question and often the engine will stop 
suddenly. Breakage of the piston rod usually occurs 
either near the shoulder on which the lower piston 
head screws, or at the lower end of the rod where the 
spherical nut is screwed on. 

1. Causes and prevention. The principal causes for the 
above difficulties experienced by piston rods arc: 

(a) Spherical nut failure. 

(b) Carboned stuffing box. 

(c) Crosshead misalignment. 

(d) Wiping of connecting rod bearings. 

(a) Spherical nut failure. In several cases, the spheri- 
cal nut has broken loose from the piston rod, bending 
the piston rod and connecting rod, ruining the con- 
necting rod bearings, and breaking the division cover. 
It often results in shattering of the lower end of the 
piston rod. (See (c) Spherical nut failure, page 262.) 

(b) Carboned stuffing box. See (b) Excessive lubrica- 
tion of stuffing box rings, page 265, and (c) Improper 
cooling of stuffing box, page 266. 

(c) Crosshead misalignment. Excessive crosshead 
slipper clearances can cause crosshead misalignment, 
resulting in a broken piston rod. 

(d) Wiping of connecting rod bearings. See (a) Wiping 
of connecting rod bearing, page 262. 

2. Repair. There is no repair for a bent, broken or 
shattered piston rod. A new one must be installed and 
the cause for the failure must be ascertained and cor- 
rected before the engine is operated again. The correct 
procedure for wearing-in a new piston rod, as described 
in 2. Repair, above, must be followed. 
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"To prevent damage to the shaft, the preventive 
measures that arc mentioned in Chapter I*> muse be 
followed exactly 

(b) Improper and careless havdlw^ during overhaul. 




ENGINE SHAFTS 



In some of the larger engines, special tools are pro- 
vided to aid in removing the main bearing shells. The 
improper use of these tools may also scar the shaft. 

It is relatively easy for operating personnel to strike 
the connecting rod bolts against the journal surfaces 
during the removal and installation of the connecting 
rod assembly. Every precaution must be exerted to 
avoid such an occurrence. The instructions set forth 
in the engine instruction manual for the removal and 
the installation of the connecting rod assembly (rod, 
bearings, lower cap) and the crankshaft and main 
bearing assemblies, must be followed if crankshaft 
trouble is to be avoided. 

Some means must be provided for the protection of 
all journal surfaces after the bearings have been re- 
moved. Leather belting is very satisfactory for this purpose, 
also clean cloths. However, under no circumstances should 
waste be used. Some engines are so constructed that a 
light clean board may be placed in a position to catch 
all falling parts, tools, or other objects before they 
strike the journals. One manufacturer recommends 
the use of a flat shield of sheet metal, wood, or fibre to 
protect the main bearing journals when the main 
bearing cap is removed during the overhaul period. 
The shield is held in place by the main bearing studs. 

(c) Abrasives in lube oil system. Dirt or metallic par- 
ticles that enter the lube oil system will score a journal 
as well as damage the bearings. (See Chapter 15, 
pages 284 to 286.) 

2. Repair. Whether a scored journal can be properly 
repaired or not depends upon the extent of the scoring. 
If a crankshaft has been overheated, the effect of the 
heat treatment will have been destroyed and replace- 
ment of the crankshaft will be advisable. 

If the journal is scored to a slight extent, an oil 
stone can be used for dressing purposes, provided that 
certain precautionary measures are observed during 
the procedure. These precautions, stated below, must 
be followed to prevent further damage to the shaft and 
to the entire engine. It is advisable to have all oil 
passages within the journal, and those communicating 
between the main bearing journal and the adjacent 
crank pin, plugged during the dressing operation. 
Wooden plugs should be used for this plugging, which 
prevents metal particles from entering into the pas- 
sages. If the journals are dressed with the crankshaft 
in the engine, metal and abrasive particles must be 
prevented from dropping into the sump and entering 
the lubricating oil system. A clean strip of canvas, or 
cloth, or a piece of gasket material may be placed 
below the journals for this purpose. 

After dressing, the journals must always be washed 



with a good cleaning solvent, such as kerosene or 
diesel fuel. This procedure must include washing of 
the internal oil passages as well as the outside journal 
surfaces. Some passages are large enough to accom- 
modate a brush to assist in cleaning. Other passages, 
while not large enough to accommodate a brush, may 
be cleaned by blowing out with compressed air. The 
passages must always be dried by blowing with com- 
pressed air. 

In the dressing procedure a fine oil stone, followed 
by finishing with crocus cloth, should be used to 
polish the surface. 

Some manufacturers have recently experimented 
with the salvaging of scored crankshafts. The journals 
have been undercut and then built up by chromium 
plating or metal spraying. They arc then finished to 
the original size. 

Extensive tests are being performed to determine the 
suitability and reliability of chromium plated journals 
for the prevention of wear and scoring of the 
journals. The process of chromium plating crank- 
shaft journals is now performed by industrial shops 
specializing in journal plating. 

Other manufacturers recommend reconditioning 
scored journals by grinding the journals undersize and 
installing undersize bearing shells. However, this can 
be done only by the most experienced personnel, thor- 
oughly trained in that procedure. The necessary 
crankshaft grinding equipment must be available if 
journals are to be ground. There is a limit to the 
amount a journal may be ground. If the journals are 
damaged beyond this limit, the crankshaft must be 
replaced. This procedure, however, is not encouraged 
by the Bureau of Ships. As a rule, a new or recondi- 
tioned crankshaft should be installed to eliminate the 
necessity of carrying a variety of spare bearing shells. 

Never stow a crankshaft on any metal surface. If a shaft 
is to be removed from the engine, it should be placed 
on a wooden plank with all journal surfaces protected 
by leather belting or clean cloths. If the shaft is to be 
exposed for some time, it is well to protect each jour- 
nal surface with a coating of heavy grease. 

b. possible trouble: 
broken or bent crankshafts 

The indications by which a broken crankshaft may 
be detected depend upon the extent of the break. A 
crankshaft break may be only a slight crack in the 
web, pin, or main journal. If so, the engine will not 
cease operating as it would if the shaft were completely 
broken. Figure 14 4 shows a cracked main journal. 
Detection of the crack was made possible by the use of 
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Fatigue failures are also aggravated by the presence 
of torsional vibration (Figure 14-?). The surface of 
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tive of torsional vjbrarioiL Cracks due to .fatigue 
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2. Repair. A shaft with scored or broken cams 
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CHAPTER 15 
ENGINE JOURNAL BEARINGS 



A. GENERAL 

1 5 A1 . Introduction. Bearings become a continual 
source of trouble unless personnel entrusted with 
the operation of the engine follow exactly the 
recommended practices in operation and maintenance. 
Bearing failures are extremely serious, since with the 
increase in production of diesel engines, a critical 
shortage of spare parts has been created, particularly 
main and connecting rod journal bearing inserts. The 
loads which these bearings must withstand have in- 
creased with the increase in rating attained by higher 
engine speeds, and increased bmep (brake mean effec- 
tive pressure) in high-speed lightweight engines now 
in general use within the Navy. It is not uncommon 
to find piston pins subjected to loads of 6000 psi, con- 
necting rod bearings to 3000 psi, and main bearings to 
1500 psi. These new changes create problems which 
demand more attention to intelligent operation and 
the practice of progressive maintenance. 

Before analyzing troubles encountered with journal 
bearings, it is well to consider the types of materials 
used for bearing inserts. At present, the bearings 
most commonly used in marine diesel engines are re- 
ferred to as: 

1. Bronze-back Satco and steel -back Satco. 

2. Tri-metal. 

3. Copper-lead. 

1. Bronze-back Satco bearings consist of a bronze back 
bonded with a high lead content bearing material. 
The physical and chemical properties of the bronze 
back meet specifications that are based on the type 
of bearing and the service for which it is intended. 
The bearing material, known as Satco, is primarily 
lead (98 percent) and tin (1 percent), and varies in 
thickness from 0.015 inch to 0.045 inch, depending 
upon the service for which it is intended. 

2. Tri-metal bearings consist of a steel back, bonded 
with an intermediate layer of bronze approximately 
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0.035 inches thick, to which is bonded a layer of bear- 
ing material 0.003 to 0.009 inches thick. The bearing 
material is either lead base babbitt (usually 80 percent 
lead, 5 percent tin) or tin base babbitt (usually 88 
percent tin, 8 percent antimony). 

3. Copper-lead bearings may consist of a layer of 
copper-lead bonded to a steel back, or merely a 
copper-lead shell. The surface may be plated with 
0.0015 to 0.0020 inches of tin-lead or flashed with 
indium. In either case, the copper-lead is considered 
the bearing material, with the tin-lead or indium 
plate serving primarily as a protective coating against 
corrosion. Since copper-lead bearings are relatively 
hard, a harder crankshaft must be used in conjunction 
with them. 

To understand more fully the causes for journal 
bearing failures, the loads which each bearing must 
withstand during operation should be considered. 
All journal bearings are not subjected to the same 
manner of loading. 

In the two-stroke cycle engine, the compressive and 
expansive forces are greater than the inertia forces 
set up by the reciprocating parts. This is due to the 
fact that for each cylinder a power stroke occurs 
with every revolution of the crankshaft. This causes 
a load to be placed always on the lower half of the 
main bearings, lower half of the piston pin bearings 
in the connecting rod, but upon the upper half of the 
connecting rod bearings. 

In the four-stroke cycle engine, large inertia forces 
are imposed during the intake and exhaust strokes. 
These forces tend to lift the crankshaft in its bearings. 
This results in a reversal of pressure, causing the load 
to be applied first on one half and then upon the other 
half of the bearings. 

Of course, in double-acting engines, there is a 
definite reversal of pressure in the bearings. 
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figor* ; femg fo,7</re d«# fo mac/#goc** W pressure 

particles 



f articles without d^nuge/ TIk: particle is cmbqAdcJL \ 




BACK 'MeuHic famctes embedded >« ? a Irr-nwwl bewmg are 

POOR BOND BACK : : ,ho^ (magn^dV.nB^urc 15 9 

MAGNIFIED 75 T^ES Tfa surface of a coptvr-le.J bearn lff is rdan*dy 
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MAGNIFIED 85 TIMES 



" .'.V 



figure 7 5-10 



0, Dtfmcfl** bond b*tw*»n bnnze ond M 0/ o Tri -)»•*«/ fceorm*. 




potiiug purposes. ^ 1 torture, \t is m fper.it? vc chat jji 

iourn-j< bearing surf arc ,u all tunes Junng operation. 
The »oufn.ti, muvuig within* ics hcurrngs, musr be' 

•nict.il -tO'inetaJ contact vvi.H release sufficient jneir t<i 
melt rte .v:}ftcr of the materiiik, -of th^ two surfaced 
Tht wktt ma^ai m this case i.s At babbitt and not 
the lOurniil Most babbitts used in cngiats have Lurh 




, v , • fa. 



or -waste must not 

internal '.parts. Sec (h) liiatreftriah to recommended rornon of the shell and failure of the beanug 
:ion/page.2iCro obtain coerce npcranonaf pro-;, 

vytcb resect to ore of Jubr^ttin^oiL ' / - jgMj^^ • 

of htanng ML if the pil .groove" is jaBR^C ^-'v::: ; ^j^g . 

oed i'n the rod, some support for the bearoig -^'sBBHm''^ '* ^'-^^^' ' '^^^^^^^k 




machined in rbe jod. some support for die bearoig 
shell is lost To. isUch ca^, under the extreme loads 
to wb'jcb-chi; bearing- iff mb^cted. the she!} extrudes 
i&to the ml groove, .This is particuiarl v true of bronze 
back .bearings. The degree of extrusion varies with 
the hardness cf the bronze shell. The result of this is 
to isubjecr the edge of the extruded section of the bear- 
ing material to tentorial forces, Numerous cracks 
and pits will eventually result as shown In Figure 
15-11. 

The extruded, area does not contribute to the Joad 
carrying area of the beinog but acts rather as an oil 
passage. The result is that rficM of the oil will flow 
around the bearing m the groove. Consequently, this 
oil performs very pooriy as a coolant, and forms an 
insufficient oil film to separate the journal from the 




(g) F«ult? wwlttnon. Assembly errors occur from 
time to rime md nre usually, caused by negligence or 
lack of c^x^ence, Th* most common failures,; d.ae ■ iS-f*. & 






>:iu\~'-\tA\iZCv\. )n Urge cnfincs/tbv v<^i<«ic of the 
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: • V'' H 



mcnt of main bearings can be caused by a bowed, 
warped or sprung 'crankshaft. This imposes heavy and 
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ENG.NE JOURNAL BEAR.NGS 




iifi 




MmuK pus aftd raised surfaces nwy be smoothed by 
the use crocus doth or a bearing scraping topi. After 
:my work tea performed on bearmgi, every effort 
must be made to msture the cleanliness of che bearing 
surfaces. This aisr> applies to thft : bearing back and to 
the crank .Journal and pin A chin film »f clean Navy 
approved lubricating oil should be- placed upon the 
journals and the bearing surfaces before re install anon 
iv&of the lower and upper belong halve* 




amount of material *: removed (usu^v a tetoon of 7< ic «»" c ^ ^ C 

aOOOl tnch of beting material m oRain i uniform ; y3t ndcr nur 



•r three Upper tad iow^im^Wajrii)^- 
^o^c^Z '^Z^^^i^^ Ua,VCS i0S0 ^ d ° n b linder number two journal ) Yet, 
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xf'th** occurs, it' is probable thac ths <togw<r will be fore- add., after tightening-. - Figure-. 1 

extreme h haul if noump6s#Wc, to over by tart*] type uf used : and '.'Figure- <tK 

fi the emi»ne wer< £0 be operated under such 4 condi- -Hailed uu* the emrme. The proper "ciongarn 

rioh; th% ■ fr&Anms :wauid te >cverctv dauwed, pos* obtained rramrhc engine ins cruet ton manual. 

■ - ■*■■■■■ 0 1 ........... - v. • 




btarm^ fosttmt \ upper of 

The connecting rod bearing cap nuts must be pulled . "both nun? and connecting rod. Tbu* nvost always he 




5V24. Figure lS-2$alw shews the correct met nod of 
S'rowifig the bearing shelf while measurements are 
betqs, inHn. The- boring should .)hv.n-s he protecred 
!•• c!e.i.'. clf-rKs.. .t* Shown-, 
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„ SIKI. I ALL Oil ftOLU* 




/ V W •' ' I. 1 : " - 
. . * • • • . v\'< - 1 . v ' « * 

These medtsiitements rn as t be taken at specifkU inter-* 
vajs, usually at every o verba uj They arc Uken to 
establish the amount .of beating w^if . Also, a sufficient 
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ANTI-FRICTION BEARINGS 





« 




A needle beating, rather than a joufnaJ bearing, is 



16-5), due co the difficulcv tt" coawesiuihg .x Mm of 
P lubricant in an oscillatm* journal of thi* type. No 

separator is used, hinte great care is necessary' when 
working with this rype of bearing Note that the 
piston pin serves as the inner rare ofrbis bear .ug. The 
: ptn shown in place is an arbor used tot assewbly . 



■ 

figurtt J*-3f. Contesting rod i»e«tft* i*Bo<vi 





bearfcg when u is inspected. A bearing should never 
be discarded' until it has been established that some- 
thing in «dd<tioo to dirt has cursed the trouble. To 
eliminate this possibility, the bearing should bcclcaoed 
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Gr#os« grooves 






Loathor or composition 
— flango typo 



D 

Cork disk 



it is turned. Furthermore, it is not necessary that 
these substances be harder than the bearing parts to 
cause indentation of the balls or rollers and races. 
Obstructive materials consist mainly of metal chips of 
brass, steel, copper, or iron. 

(3) Clogging substances. Cheap greases or graphitic 
lubricants will deposit an appreciable amount of solid 
matter in the bearing between the rollers and separa- 
tors. This matter will interfere with both the smooth 
operation and lubrication of the bearing. 

1. Causes and prevention. Bearings become dirty as a 
result of : 

(a) Improper handling or storage. 

(b) Use of dirty or improper lubricant. 

(c) Failure to clean housing. 

(d) Poor condition of seal. 

(a) Improper handling or storage. A bearing should 
never be removed until a clean working space is pro- 
vided. Figure 16-4 shows an ideal working space and 
a definitely improper working space. 

Note that a dirt-free bench, clean tools, and proper 
tools, arc necessary. Note also, that the bearings arc not 
left out in the open. The bearing cannot be kept clean 
in dirty surroundings. Bearings must never be handled 
with moist or dirty hands. They must be cleaned 
carefully as specified under 2. Repair t page 300. 

(b) Use of dirty or improper lubricant. After the bearing 
has been cleaned, it should be lubricated with the 
proper type and quantity of clean lubricant. When' 
grease is supplied in service, it must be made sure that 
the grease fittings, grease cups, etc., are clean. If oil is 
supplied continuously, any and all strainers and filters 
must be maintained in good condition. 
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reasonable care to prevent beading or -improper pasi 
tiomng 



After soaking; the bearing should be slashed around 
fin&.tomzi jh& below the surface of the sof vent. The 

f 7 ) tarr/c P rm*r* ,^/;. h shouidbc made 5hmld ™< hc S P»*> .* bou,d hc rowccd 

certain that .the stuff surface is smooth, and that all ^fticicnrly m insure that all foreign particles are re- 

sharp edges which meht damaae the sc.! elements ~i A short de^ bnsxle brush with bristles that 

have been removed When replug a seal, the *>™ * f r > » h fP fuI L m rcmovm S 

order in : '.Which elements arc ^seM.Wtcf .houid be chip.. Ordinary kmg^bnstle paint 

noted. )f the otderisnotnoted | reference | it* „unu- bn ' sh ^ arc ?»« ^^rmy 



;> . 



; -\., 



fac carer's drawings should be made f ri order to avoid 
improper assembly of the element The scajhfcg dfiS (|f 
raeot and ail rWnioa -u.ouid be thoroughly 

lubricated prior t'o installation. 

. 2.. &eat*H£fas a sh>J>! <>>n both f^&c, // 

* vprchhncara b«*n % and ts m to § |p|| Defective 

bearings of this type musr be sent to, a recond! Hording WM , a 

activity where specjal ^uiprnenr is available for their . 

cJeaniiai? *M bibric^non § ;;< 5 . ^ 

pjny ball or roller bearings must be rho'fodghly " ' " 



fiyu^fi T6-^* CJ«ofii#?g bearing with compressed air. 



should be removed from the working space A bench 

with a smooth, easi'iv cleaned surface should be se- (d) After the .initial cleaning, the bearing is next 
Jccted . All too&to be used must be cleaned thoroughly. immersed jit; the ./Wean of solvent, sloshing and 



I coed All tools to be used must be cleaned thoroughly. 
The bands must also be cleaned and dried. A liberal 
suppiy of clean, liut-frce cloths should be obtained 
and placed within convenienr reach; 

<h} iKt'ltU&t . wo perfectfy clean cans, or other con- 
•tajin^n of Sufficient .'.'sue to accommodate the bearing 



and the workman s hand, should be placed within shmvu <n 
reach, Each can must be (died with clean solvent. iowd lu S 



rotating the; bearing anxil all dirt *s removed, fj^mn^ 
an*i miun^ should ttnrr k dwe if? tin uifne CGrii<met. 

(e) The bearing is then removed from the rinsing . 
can -3nd blovyn. dry with clean, dry. compressed air. 
The beating ramx he hdd.^0ti as 
16 -8".v The. bearing mus* mi beM- 



pirn by force of .or 



This solvent should preferably be clean straight-rua This seep iS a or essentia?, bur u: i> recommended 

used where facibcuts uce available. 



nonUtded ga^oime, Leaded gasoline must not be 
as the lead compound used co increase arm-knock 
properties is toxic. Some individuals are highly sus- 
ceptible to lead poisoning by inb,i'l.af,io.M of, or skin 
contact vvith/ leaded ^isoline, When Vu.^n^ gasoline, 
.ali rjecessarv nre preca ut.iOas' must ' 
imeas highly tnllammable \f gaSi 
.able, naphtha, kerosene, or diesei 



vOThci; 
rrouKk 

(gj If a good bearing is not. to be imtncdbteiv placed 



back ii yervtce, v. mm be dipped m rus? preventive 



m 




" ^.~"*»- ^^^ ^^ — i " — 

and . allowed to so.k unnl all dirt and grease have This rroubie m-v be host rccognf/ed br no i>V opera- 
loosened, This may require several hours, ii a \vire. cion of the betaHUg. . ' Upoti .removal - and after very 



mesh basket, similar ro chat shown 'in Figure 16- 7, is thorough cleaning, the bearmg vv.ill be noisy when 
ivadabte it should be used lor the soaking j^nod-.:. . rotated by hand (bearing* should never' be. spun by 

compressed air). Roughness may indicate spafimg 



Otherwise, a wire hook mav be fashioned to hold the 



.. .;>>:• 
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dirt can cause- *w identical symptom, the prelim ma rv\ The trend in design \% to dim inure, as -nearly "as. pos- 




00 Orf/ >>> faftej* SlUrfll ^Wfete of din that enter / jrfLf§ 

thrbeiim-.^ in^vtounn r,*ppcti between ,t mite/ and the 



raff : - *^ ■>--* *~«w 
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A' 

An// h,l^ r i n „ 



Ballbearing Ratlar tearing 

rac. 



.... or off sfiiarti This condition 
may be due poor condition of the shaft or the hous- 
ing shoulders Iris so.caccinics possible to detenmuc 
whether a bearing jfias failed due to muaiigntnene by 
observing the trace or path of the hails bo the races, If 
the path is not parallel co the : sides #f thfefc^ritog, it is 
probable that either the inner or m ttt race has been 
cocked. Figure 16- VI ■ illtmrates a spaced outer race 
caused by misalignment. The cmdiuon'M-ihis bear- 
ing indicates that h t VxS properly aligned originally 
and liter misaligned. When installing a bearing ? par- 
ticular care m'ust be taken to sor that ix is seated . 
squarely, and that neither the shaft uor housing is 

2 P^patr. Ball or toiler. '>bearmg5':ex.hib.iLdn:g spiii- 



s>2? ••• 




to determine the cause of the damage so that", similar 
damage to the replacement rearing may be verted. 



„ — 



' §§1 



' .' •- ^ 



This trouble b bat nxDgni'wJ by inspection of the 
rate*. "alter a thorough cleanup Figure ifrJ2 jJIus- 





ANTI-FRICTION BEARINGS 



(a) Improper installation or removal. Frictionless bear- 
ings are more difficult to remove than to install. Con- 
siderable care must be exercised to avoid damage to 
the bearing during removal. Figure 16-12A illus- 
trates damage caused by improper removal. This 
particular bearing was damaged by hammering 
against the outer race as shown in Figure 16-13. 

Similar damage can be caused by using a bearing 
puller or drift pipe on the outer race. Figure 16-14 



illustrates three ideal bearing removal methods. Note 
that in all cases, pressure is applied to the inner race. 

In removing a bearing with a press (see Figure 
16-14B), it must be made certain that the two flat 
bars make good contact with the inner bearing race. 
Where it is impossible to position the flat bars pro- 
perly, it may be necessary to employ a split ring 
similar to that shown in Figure 16-15. This same 
ring may be advantageous for removing the bearing 
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with a drift pipe. fSec Fivore l«~J4A,) M' 




recti? positioned on die mixer race. The pull must be V:\'.-' HSI I HPJM ' s 

tnadestrjighr and *p>»re, withm inspection ac fre- , «4g | a 

quenr lium Jls uv injure j^amfet cocking. In every ^ gu ^ - 0w e of wof<l,of - 

case, the •■shaft and tools must he thoroughly clean.. C^ftf/ jW pmwt'wv. Separator foiiwrc'is/freq'uenrly- 




*e occurs when the* tool 
the reUuvelv soft sepa- 



allcny* iss removal without . damage, to/the heat- to the -separator; Damage oti 

treated vh^t; a nd 'bearings. ' slips and bites inter ot bends the r 

<b* Vihnmm uMk form; h wptrativ*. Jf heavy raw Only the proper cooLs wmt 

shaft* supported by fncripnfess -bearings are allowed recnoval. See 

tosnmd qtauriw for 4, long rime, an J tf rh* equip. ^ f/ ^ . |J S8 

this time.. britici'irtB irt^v iir.L.if'. This is Hur m the ^ ^ r^jh xhe uuroduc uon of <^ 



this tio>c, brtucOi^ mav COT. Tim is due to "the * T ™ lx or the wnniucu on C 4 Struct ive sub- 

pcci.in« action of the mlkis on. the races. Figure stances betwra b*li$ .or-mllm and the separator 
16- Hfl rf.u WS the severity of the bnneWto be Mad 'Mr*^ ua wedge to the^ror: 




v ? * p9rwv* ft i f *f T'b' 




and fitted- to the race 
cvtm thikrtools iitt hot 
re of t hi § bushing md the 




tng dust into the beuntyr- f« % 
it dun-a, jind mdt our the beeswax, Whe« . tools for 




• rerao 
m the axis of 
16-18. 




i **« v ui vu^u^ - bearing will be jfq 
with no apparent surface disintegration, . &$ many 





prevmm, Wear of be^ings; causing 
looseness vrabou* apparent surface disintegration is 
caused by the pr^ence of fine abrasive in the lubricant. 
Very fine abrasives, sibA as lapping compound, dust, 
etc, i» tfa*lahtkant mil cause a high rate of wear of 

4^* : ilv : -'^^: : .-.l<f;^l ..-^ -i?:- ^ tm.. >. . i i . , • _ _ _v 



1. W p M , The most fre^cne cause of *? ^U,or rolte wuhou, spalhng. The jfrhwo of 

acrac^cd race i cock in.; the bearing during Install ? u ) phWr X ° f " ^ hearing The 

rioo or removal. If the Lnng « forced o/or off the ~ "f^f ^ 

shaft while cocked, crack ing may occur. Rearing* ^ a ' F " cn ° «■ « 

-i , j i_ _ ! i " - .... p— »_. ? ft/fta/r Wnrn hpartrinfs must', foe rrl^jlWl rhmr 



should be in&ulJcd with «:are. See (a) Improper • ^ ^'f'"'; *«|» ^M.tocj«pia«^^;ttey ; 

2. Rt/Wr. Bearings with cracked fates must be diameter smaller than thai specified m the eng'itic 





it will route ac only one-half crankshaft speed. 
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uncom mm** Salt water or add within the oil is very at vdrtdm mtiad speeds, torsional vibrations arc 




. the piay between 

^ \/ ; v surfaces of tfie leech in rnesti U \h uie^gujcd at the 

point of least pUy t Ir increases with wesr and can 

increase considerably wirhouc c*ayl^g damage. How- 

* v ever, oxcssi vs backlash can be very der.rtitiem.al to the 

" r '" : gefes and car* cause gear failure U *J$o will change 

cattfshafr fuel pump, and vupercbarga t*mir*g, caus- 
ing the engine to operate inefficiently and hucortecdy . 
h h w»W /Jrvcr^ r<* te&Af* during 

Q$Mit$fynmrnt.. ' Faulty alignment between mesfe- ..Mr rc|*/ar pcrtctte msptcTion of tht par&Mti. The clear- 



ft 9W *17~$, pititd w 




to see chat auxiliary couplings &p aligned accurately fash measurement. If the readings 2 vc for excess of 
before bem^ bo! rt- d io^echtrr Gear a] rgptnenr par u- the speeiheu amount, the gear 



cularly important in reverse and reduction gear units. 
The pinions and gears must Une up perfectly or vibra- 
tion will be induced chat will cause gear failure. 

On . • 




gears roust be - replaced. 
Frequent "vospectiom's. for- scoriftg. together with an 
ade^u^cr supply of pure luhncai iog oi l and main ten- 
auce tit the proper clearances, will rend *o prevent this 
trouble. Excessive; backlash jn governor drives may 
often cause governor bunting, Wear cannot cake place 
without metallic, contact, which will cause ..*co ring 
of teeth. In the installation of gears, any misalign- 
ment will cause improper rootn contact, attd rcsul; in 
we*r. Fibre -'gears .iriore quick! v than raetai 



gears. Figure VI -1 shows a fibre gear that is almost 




■ V 



an 




AUXILIARY DRIVE MECHANISMS 

kept away from fibre material, if not/ the material result of some. metaJ obstfttcuon lodging between 



kept away from fibre material;, if not, the material result c 
will soften and fail. meshing v 



proper moth cootaci. as well as a scored sh at r somi i 

i to bushings. 1ft cmt cemm in- in 

? buying vvoire considerably, caus- ia, 

Jigamem ^ the that will h, 

rheidter gear bracktt and failure of the tmire difference 



studs ifc 



:ot ; si\«:hoda are used a ? repair bases aatf s*fyagt 
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sages, jets and sprays, should be swabbed or blown out 
to insure free oil flow. Woodruff keys, dowel pins and 
other locking devices must be maintained at a tight 
fit, to prevent longitudinal gear movement. Every 
effort should be made to insure that all particles of 
broken gears are removed from the lubrication system, 
before new gears are installed. 

Special precautions should be taken that an engine is not 
barred over, while camshaft actuating gears are removed 
from the train. There is danger that the piston will 
strike any exhaust valves that may be open and ex- 
tending into the cylinder, if the engine is barred over. 
Under such circumstances, it should be made certain 
that any gears removed are replaced in the same posi- 
tion, with reference to timing. Special punch marks 
arc on teeth that should mate. If they are not, every 
effort should be made to install these marks to facili- 
tate the correct mating of the gears. 

The proper bearing, bushing and gear clearances 
must be strictly maintained. If bushing clearances ex- 
ceed the allowable value, the bushings must be re- 
newed. The allowable values for blacklash and bush- 
ing clearances can be obtained from the instruction 
manual for the particular engine involved. Sec Figure 
17-11 for an example from an engine instruction 
manual showing a gear train with allowable clearances. 

There is not much that can be done to repair a 
broken or chipped gear. In most cases, the gear has to 
be discarded and replaced with a new gear. Care should 
be exercised in determining whether a pitted gear 
should be replaced. Gears that are only slightly pitted 
should not be discarded. 



C CHAINS AND BELTS 

1 7C1 . Chains. Chains are not only used in several 
engines for camshaft and auxiliary drives but are also 
used in other engines to drive certain auxiliary rotating 
parts, such as supercharge valves, etc. In Figure 17-3, 
an example of a chain drive, it can be seen that gear 
drives are also used in conjunction with the chain, the 
water pump and overspeed governor being gear driven. 

The chains mesh with sprockets keyed to the shafts. 
One type of chain construction in use is shown in 
Figure 17-12. The two ends of the chain are joined by 
a connecting link secured by cotter pins. 

a. possible trouble: 
worn or broken chains 

The outstanding causes for the wearing or breaking 
of chains are: 

(a) Chain too tight. 

(b) Chain too loose. 

(c) Lack of lubrication. 

(d) Sheared cotter pins, 
(c) Misalignment. 

(a) Chain too tight. Excessive wear will be evidenced 
if the chain is under too much tension. The chain will 
become overloaded and subject to breakage. Excessive 
wear in fuel pump chain drives will become evident by 
retarded timing, which will cause a combustion knock 
and generally inefficient engine operation. The cor- 
rect tension in the chain should always be maintained. 
Reference should be made to the engine instruction 
manual for the proper procedure for obtaining correct 
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LUBE PUMP DRIVE GEAR 
NORMAL BACKLASH .001- 002 





GOVERNOR DRIVEN GEAR 
NORMAL BACKLASH .003-.004 



GOVERNOR AND TACH. 
DRIVE GEAR NORMAL 
BACKLASH .001 -.002 



NORMAL CLEARANCE .002 - .003 
FIT NEW BUSHING IF 
CLEARANCE EXCEEDS .010 



NORMAL CLEARANCE .004 - .007 
ADJUST BY REMOVING SHIMS 
IF CLEARANCE EXCEEDS .010 



'CAMSHAFT GEAR 
NORMAL BACKLASH .002 - .003 

IDLER GEAR 

FRESH WATER PUMP GEAR 
NORMAL BACKLASH .001 -.002 
POSITION OF CRANKSHAFT 
NO I CYLINDER ON T.D.C. 



SEA WATER PUMP GEAR 
GEAR NORMAL 
BACKLASH .003 -.004 
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Figure 17-11. Engine gear set. 
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CHAPTER 18 
CLUTCHES AND DRIVE GEARS 



A. CLUTCHES 

18A1. Introduction. The function of a drive clutch 
is to provide some means of disconnecting the engine 
from the propeller drive shaft on direct drive engines. 
In some direct drive engines, where the engine is direct- 
reversing, no clutch is employed. Clutches are of 
three types: friction, dog, and fluid. Clutches are ad- 
vantageous in that they increase the maneuverability 
of the engine, eliminate propeller drag on a dead en- 
gine, and lessen the load on the engine's starting system. 

18A2. Friction type clutches. Friction clutches 
are of two general styles, the disk style, and the band 
style. Troubles encountered with both styles are in 
general the same. 



a. possible trouble: 
slippage 



Slippage is probably the greatest drawback to the 
friction clutch. This condition causes decreased effi- 
ciency, loss of power, and rapid wear of the clutch 
friction surfaces. Slippage is encountered mostly at 
higher engine speed when the engine is delivering the 
greatest torque. It is often hard for an inexperienced 
operator to recognize this trouble, but there are several 
items that should be noted that may give an indication 
of slippage. They are: 

(a) A gradual decrease over a period of time in the 
force necessary to engage or disengage the clutch. 

(b) Overheating of the clutch and clutch housing. 
Slippage results in energy being lost as heat. Some- 
times the overheating will cause a distinct odor. An 
alert watch should be maintained for this symptom. 

(c) A decrease in the speed of the ship for a given en- 
gine speed. This is difficult to recognize and usually is 
apparent only over a long period of time. It is gener- 
ally most noticeable when operating in a formation 
with other vessels. 
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(d) Noting and comparing the engine and propeller 
shaft speeds. Both the engine and propeller shaft 
speeds should be determined with a revolution counter 
and a stop watch. The shaft speed must be corrected 
for any speed change caused by reduction gears. 

1. Causes and prevention. Conditions contributing to 
clutch slippage are: 

(a) Wear. 

(b) Insufficient pressure. 

(c) Overload. 

(d) Oil and grease. 

(a) Wear. While clutch slippage greatly increases 
clutch wear, normal wear resulting from extended crt~ 
gaging and disengaging is often the cause. Clutch sur- 
faces consist of one or more steel surfaces upon which 
it is customary for the clutch facings to bear. Clutch 
facings are of several types which vary from soft 
metals, such as copper and brass, to molded and woven 
fibres, all of which must have a relatively high friction 
factor with steel. When the thickness of the facings 
decrease, it usually means that less pressure is brought 
to bear between the clutch surfaces. This tends to 
cause slippage. Another danger encountered with wear 
is that in the extreme case, the backing of the clutch 
facing contacts the finished steel surfaces. This causes 
scoring of these surfaces, which necessitates either 
refinishing or replacement of the damaged parts. 

(b) Insufficient pressure. Many clutch systems are 
provided with means for increasing the pressure be- 
tween the clutch surfaces. If such is the case, it is nec- 
essary to adjust the clutch from time to time in order 
to compensate for wear and to prevent slippage. 

Several clutch pressure systems are not adjustable, 
but are dependent upon the initial compression in the 
pressure springs, as in the twin disk units on Gray 
marine engines. With this system, it is important to 
check the springs whenever the clutch is disassembled. 
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This should be done with a spring tester; however, if 
none is available, a check on the free lengths of the 
springs will give an indication of their condition. The 
instruction manual should be consulted for the proper 
values. 

(c) Overload. Overloading the engine is likely to 
increase the torque to a value where slippage will oc- 
cur. Whenever the engine is fully loaded it should be 
observed closely to determine if there is any slippage. 

(d) Oil and grease. Friction clutches are either of the 
wet or dry type, depending on whether or not they run 
submerged in oil and grease. It is important that the 
dry type clutch remains free of oil and grease, as a 
small amount of either is apt to cause slippage. Oil 
and grease usually reach the clutch surfaces because of 
the operator's carelessness. The clutch bearings should 
not be over-lubricated, as the excess lubricant will find 
its way to the clutch surfaces. When overhauling a dry 
type clutch, the parts must not be handled with greasy 
hands. All grease spots must be removed with a clean- 
ing solvent or carbon tetrachloride. 

2. Repair. When slippage is apparent, steps must be 
taken to eliminate it. Operation of a clutch with 
slippage soon wears out the clutch surfaces. The thick- 
ness of the clutch lining when slippage has occurred 
should always be checked. If the lining is excessively 
worn it must be replaced, for it is not sufficient merely 
to tighten the adjusting device if one is provided. 
When the lining becomes excessively worn, it will, in 
all probability, score the mating clutch parts, if not 
replaced. 

b. possible trouble: 

WEAR 

1. Causes and prevention. Clutch wear and slippage 
are much the same in that either can be the cause of the 
other. Excessive wear is caused by : 

(a) Engaging clutch at high speeds. 

(b) Rough surfaces. 

(c) Slippage. 

(a) Engaging clutch at high speeds. The engine must 
not be raced when engaging the clutch, either ahead 
or astern, as racing only adds to the wear and the load 
on the whole drive system. 

(b) Rough surfaces. Rough clutch surfaces will cause 
rapid wear of the clutch linings. Care must be taken 
not to damage the surfaces when overhauling the 
clutch. Any small nicks, etc., should be smoothed 
with a small stone. If the scoring is serious, it will be 
necessary to refinish the surface or to replace the parts. 
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(c) Slippage. See A. Possible trouble: Slippage , page 
315. 

2. Repair. When the clutch surfaces are worn, it is 
necessary to replace them. The cause of the wear 
should be determined and all necessary corrections 
made when replacing clutch parts. 

c. possible trouble: 

FROZEN CLUTCH 

When a clutch fails to disengage, it is said to be 
frozen. 

1. Causes and prevention. A frozen clutch may be 
caused by: 

(a) Defective clutch mechanism. 

(b) Water. 

(a) Defective clutch mechanism. Whenever a clutch 
refuses to disengage, the clutch operating mechanism 
must be inspected. Where applicable, the following 
items must be checked: control rods, for obstructions 
or loose connections; excessive clearances in the 
mechanism; throwout bearings; pressure plate; pivots; 
and loose adjusting screws, etc. 

(b) Water. Moisture will cause molded type clutch 
linings to swell and to become soft. Many linings 
become sticky and tend to stick very firmly to the 
mating surfaces. The best way to prevent this trouble 
is, of course, to keep the clutch disk dry. Accidents do 
happen, however, and should a molded clutch lining 
ever become wet, it must be allowed to dry in the 
disengaged position. If allowed to dry in the engaged 
position, it will probably stick firmly to the mating 
surfaces. 

2. Repair. An inspection should be made for defec- 
tive parts or improper adjustments when disassembling 
a frozen clutch. The clutch will have to be broken 
loose and thoroughly cleaned. If the clutch linings arc 
water soaked or worn, they must be replaced. 

d. possible trouble: 
chattering clutch 

Clutch chatter sometimes occurs when engaging the 
clutch. Serious clutch chatter may damage the reverse 
and reduction gears, and may cause the clutch linings 
to break loose, resulting in complete clutch failure. 

1. Cause and prevention. Clutch chatter results when 
dry type clutches become fouled with oil, grease, and 
water. 

To prevent clutch chatter, every precaution must be 
taken to keep oils, greases, and water from the clutch 
parts. When the operating mechanism is being lubri- 
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1. Causes and prevention. This trouble will occur as 
a result of: 

(a) Overfilling the gear case. 

(b) Foaming of oil. 

(a) Overfilling the gear case. Oil leakage is often 
attributed to overfilling the gear case. This causes the 
oil to flow out of the shaft bearings and onto the 
clutch drums. When filling the reduction gear case 
with oil, only enough oil should be added to bring it 
up to the full mark. Oil should not be measured or 
added while the gears are turning, for it is impossible 
to get an accurate oil reading when the unit is in 
operation. 

(b) Foaming of oil. Foaming of the oil will result in 
oil leaking from the shaft bearings. Foaming may be 
caused by air leaks in the oil suction lines, or by over- 
filling of the oil pump. If foaming is apparent, all lube 
oil lines should be checked for air leaks, and to make 
sure that the level is not above the full mark on 
the gage. 

2. Repair. The clutch facings must be cleaned and 
all oil removed from the surfaces by means of a dry 
cloth. Kerosene, diesel fuel, or other solvents must 
not be used as a cleaning agent. 



d. possible trouble: 
pressure contact maker 

A pressurestatic contact maker is provided in the 
clutch air line to prevent operation of the clutches 
when the air pressure falls below the safe operating 
level. Considerable trouble has been experienced with 
ruptured bellows in the contact maker. The contact 
maker is connected electrically in the interlock of the 
control system. Thus, when the contact maker is not 
functioning, the electrical control system will not 
operate and manual operation must be employed. 

1. Cause and prevention. Rupture of the bellows is 
caused by vibration of the gears. The contact makers 
were originally mounted directly on the reduction 
gear case and therefore subject to all the vibration of 
the gears. To prevent the occurrence of this trouble, a 
new rubber mount has been developed that isolates 
the vibrations of the gears and prevents damage to the 
bellows. The newly developed rubber mountings are 
available for installation and should be installed on 
all units as soon as they can be procured. 

2. Repair. Ruptured bellows within the pressure 
contact maker require the replacement of the entire unit. 
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e. possible trouble: 
clogged air filter 

An air filter is provided in the inlet line to remove 
all water and other foreign matter from the air before 
it enters the clutch glands. The filter consists of a 
special stone made of aluminum oxide crystals bonded 
together by an acid resisting medium, forming a rela- 
tively high-strength porous material. The filter is 
built with a trap at the bottom to catch excess conden- 
sate. The trap is equipped with an opening at the 
bottom to facilitate drainage of the condensate. A 
clogged filter will cause air pressure to build up slowly 
in the clutches, resulting in slow operation when going 
from ahead to astern or vice versa. 

1. Cause and prevention. Failure to clean the filter 
will result in clogging. A clogged filter indicates that 
it has been performing its function, but that the opera- 
tor has been neglecting his. The filter case should be 
drained once each week, and the element removed and 
cleaned once each month. 

2. Repair. The air filter element should be removed 
from the case and cleaned in carbon tetrachloride or 
other approved solvent. The carbon tetrachloride is 
very efficient, but has a toxic effect on personnel. It 
should be used only where there is sufficient ventilation. 

Allowance lists call for a spare filter clement on 
board, hence it can be installed immediately after 
removal of the clogged filter element, thus shortening 
the time that the clutch system is inoperative. The 
clogged filter should be cleaned before it dries out and 
then stored until needed for replacement the following 
month. 

F. POSSIBLE TROUBLE : 
MISALIGNMENT OF REDUCTION GEARS 

While the Airflex clutch can absorb slight mis- 
alignment between the engine and the reduction gears, 
excessive misalignment will cause the load to be con- 
centrated on the ends of teeth of the reduction gears, 
resulting in excessive pitting and eventual failure. 

1. Causes and prevention. Misalignment may be due 
to: 

(a) Change in engine foundation. 

(b) Loose hold-down bolts. 

(c) Permanent distortion of ship. 

(a) Change in engine foundation. The most frequent 
cause of misalignment is the settling of the engine on 
its foundation, or distortion of the foundation incident 
to beachings. To align the units properly requires 
extreme patience and care. The procedure outlined 
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Figure 18-3. Checking angular and parallel alignment of 
propeller shafts. 

under 2. Repair, below, should be followed for 
checking the alignment. 

(b) Loose hold-down bolts. All hold-down bolts 
should be checked periodically to insure that they are 
tight. Failure to do this may result in the unit shift- 
ing and becoming misaligned. 

(c) Permanent distortion of ship. Heavy seas or beach- 
ings may cause a permanent distortion in a ship which 
may in turn cause misalignment of the engine and 
clutch, or of the propeller shaft and gear shaft. It 
is impossible to prevent the occurrence of this, but 
the damage incident to the misalignment can be mini- 
mized by checking the alignment frequently. 

2. Repair. The following procedure should be em- 
ployed in checking reduction gear shaft alignment: 

Alignment of engine to gear. 

(a) The reduction gear must be placed in its nqrmal 
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running position by lining up the faces on the clutch 
gland flange with the reverse drum. This may be done 
by placing a straight edge across the full face of the 
gland flange, and checking the position of the clutch 
drum with respect to the straight edge. 

(b) A dial indicator is clamped to the clutch gland 
flange so that the parallel alignment may be checked 
on the outside of the reversing clutch drum (sec 
Figure 18-3A). 

(c) The reversing clutch drum is inflated with air 
at 50 to 100 pounds per square inch. 

(d) Starting with the indicator set at zero, the 
entire clutch assembly is rotated through 360 degrees, 
taking readings at quarter points (90° apart). The 
readings must be within 0.015 in. in 180° of clutch 
rotation for parallel alignment (indicator reading on 
outside of drum). 

(e) The dial indicator is next clamped to the gland 
flange so that the angular alignment may be checked 
on the after face of the drum. (See Figure 18-3A.) 

(f) Starting with the indicator set at zero, the 
entire clutch assembly is rotated through 360°, taking 
readings at quarter points (90° apart). The readings 
must be within 0.025 in. in 180° of clutch rotation for 
angular alignment (indicator reading on face of drum). 

(g) The shims must be adjusted to obtain indicator 
readings outlined in steps (d) and (f)- 

Alignment of gear shaft and propeller shaft: 

(h) With the coupling bolts removed, the angular 
alignment of the gear and propeller shafts must be 
checked b^ inserting a feeler gage between the flange 
faces at quarter points, that is, 90° apart. (See Figure 
18-3B.) The readings must be within 0.002 in. in 180° 
of shaft rotation for angular alignment. 

(i) The propeller shaft should be rotated 180° and 
the feeler gage measurements repeated at the quarter 
points. Again, the readings must be within 0.002 in. 
in 180° of shaft rotation. 

(j) With coupling bolts removed, a dial indicator 
is next clamped to the gear shaft to check the parallel 
alignment of the gear and propeller shafts. (See 
Figure 18-3C.) 

(k) Starting with the indicator set at zero, the gear 
shaft is rotated through 360°, taking readings at 
quarter points (90° apart). The readings must be 
within 0.004 in. in 180° of shaft rotation for parallel 
alignment. The gear shaft may be rotated by means 
of the engine jacking gear. 

(1) The propeller shaft is next rotated through 180° 
and step (k) is repeated. Again the readings must be 
within 0.004 in. in 180° of shaft rotation. 

(m) The shims are adjusted to obtain the alignment 
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across the full width of the gears. (See Figure 18-16.) 

Many cases of gear misalignment and subsequent 
pitting are directly attributable to improper position- 
ing and alignment. Whenever this type of pitting is 
apparent, the alignment of the shafts must be checked 
and corrected. 

This type of pitting may indicate that the internal 
gear alignment of the shaft within the gear case is at 
fault. Since provision is not made in some of the 
smaller gear cases for aligning the gears, the only pro- 
cedure possible is to replace the gear case. Where 
realignment of the shafts and gears is possible, it 
must be done in accordance with the instructions set 
forth in the instruction manual. 

(e) Foreign particles. Particles in the lube oil will 
cause excessive gear wear, and will cause pitting of 
the gear teeth. When pitting is due to foreign particles, 
it will not appear evenly on all teeth, nor will it be 
evenly distributed on any one tooth. This trouble 
usually does not necessitate any repair of the gears, 
but it always requires that the lube system be cleaned 
out. 

Particles usually enter the system through inspec- 
tion plates and other openings. Care must be taken to 
prevent dirt, etc., from entering. The inspection plate 
must never be left off longer than is necessary to make 
the required inspections. 

2. Repair. There is really no repair method for 
pitting. The required action is, of course, dependent 
upon the cause of the pitting. If the pitting has been 
caused by corrosion or abrasives, the lube oil will 
require replacement, and the gear case, piping, and the 
entire lube oil system will require flushing to clean 
them thoroughly. The gear teeth must not be stoned 
or filed to remove pits, as this will make the condition 
even worse. 

A very satisfactory method of checking gear condi- 
tions is that of giving the gear teeth a thin plating of 
copper. This can be accomplished by cleaning the 
gear teeth thoroughly with a dry cloth, and then giv- 
ing it a wash with a solution of copper sulphate. 
(Q1SO4 can be obtained from sick-bay.) The copper 
sulphate solution should be applied with a soft rag. 
It is not necessary to treat all of the gear this way. It 
is usually sufficient to plate just a few teeth at 90° 
intervals around the gear. After the plating has been 
completed, the gears should again be put into service, 
and inspected after 6 to 8 hours of operation! Upon 



inspection, a clear imprint of the area of contact can 
be seen. The polished area, indicating contact, should 
run the full length of the gear teeth. If the alignment 
is incorrect, the polishing will be localized at one end 
of the tooth or the other, and indicates that realign- 
ment is necessary. 

b. possible trouble: 

FOAMING 

Trouble has been experienced with gear oil foaming 
and running out past the shaft seals, causing consider- 
able damage. Oil leakages make for an untidy ship 
and present a fire hazard. On several machinery instal- 
lations, friction clutches are adjacent to, or integral 
with, the reduction gear. In such cases, gear and lube 
oil leaking from the reduction gear case and shafts 
will cause clutch slippage and deterioration. 

1. Causes and prevention. Oil foaming can be caused 
by: 

(a) Overfilling. 

(b) Air leaks. 

(c) Improper oils. 

(a) Overfilling. The chief cause of foaming is that 
the gear cases are overfilled. In an attempt to lubri- 
cate properly, operating personnel often add too much 
oil to the system. The oil level should be checked 
after filling to be sure it is correct, and not overfilled. 
The oil should never be checked or added while the 
gears are in motion. 

(b) Air leaks. Air leaks in the suction oil lines arc 
also responsible for oil foaming. Whenever foaming is 
apparent, the lines must be checked, and all loose 
connections tightened. 

(c) Improper oil. In rare cases, foaming has been 
caused by the use of improper lube oil. Some oils have 
a greater tendency to foam than others. Oils may have 
chemicals added to them which tend to prevent foam- 
ing. Rarely is foaming caused directly by the oil. The 
oil level and the suction oil lines should always be 
checked before considering the oil itself. 

2. Repair. To eliminate foaming, eliminate the 
cause of foaming. 

c. possible trouble: 

GEAR FAILURE 

A complete discussion of gear failure is given in 
A, Possible trouble: Gear failure, pages 309 to 312. 
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B. possible trouble: 

BROKEN COVER GLASS 

This casualty is mentioned in order to stress the 
importance of giving immediate attention to the re- 
placement of a broken glass. If the gage is allowed to 
remain open to the atmosphere for any length of time, 
serious damage may result. Foreign material, such as 
dirt or metal particles, may easily enter into the case 
and hamper the free movement of the linkage, sector, 
and pinion. Any particle of dirt on the linkage will 
increase the friction of the moving parts and thereby 
decrease the accuracy of the gage. 

1. Causes and prevention. 

(a) Unnecessarily rough handling. 

(b) Severe shock or explosion. 

(c) Vibration. 

(a) Unnecessarily rough handling. This is the fault of 
the operating personnel entirely and can be eliminated 
by careful handling. // is to be remembered that these 
are precision instruments and should be treated as such. 

(b) Severe shock or explosion. Any nearby explosion, 
such as gunfire, will cause shattering of the glass. 
Scotch, or cellulose, tape placed over the surface of the 
glass is an effective method of preventing glass par- 
ticles from flying about the engine room. 

(c) Vibration. Vibration is discussed in another sec- 
tion, but too much cannot be said concerning the 
correct place and position for gage installation. It 
should be placed in a location free from all vibration. 

2. Repair. A broken glass should be replaced imme- 
diately. Spare glasses should be kept on hand for such 
an emergency. If the case is the new style phenolic 
type, no gasket is needed, but in the old type case of 
cast iron or brass, a felt gasket must be installed. 

c. possible trouble: 

POINTER FAILS TO MOVE 

This trouble is apparent if the gage reads zero when 
connected to a line known to be under pressure. 

1. Causes and prevention. Following are the possible 
causes: 

(a) Gage line plugged. 

(b) Pointer loose on the spindle. 

(c) Bourdon tube element broken. 

(a) Gage line plugged. The line should always be 
checked as foreign material may completely stop the 
flow of fluid to the gage. The gage may be in perfect 
condition, with no repairs necessary. 

(b) Pointer loose on the spindle. The pointer may have 
been improperly installed, and is not secured to the 
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spindle. A pointer puller is supplied with the gage, or 
with any gage testing apparatus, and should be used 
whenever the pointer is to be removed. Care should 
be used in resetting the pointer so that it will not slip 
freely on the spindle. 

(c) Bourdon tube element broken. See A. Possible trouble: 
Hole in Bourdon tube element, page 329. 

2. Repair. To repair a gage having its pointer loose 
on the spindle, the following procedure should be 
used: The gage is placed under some pressure, say one- 
half of the maximum scale reading, and the pointer is 
removed by using the pointer puller. The pointer is 
next placed in its proper position on the spindle and 
fastened by a light tap. It cannot be twisted into posi- 
tion because the pressure and torsion exerted in placing 
it on the spindle will result in permanent injury to 
the mechanism. 




Figuro 19-2. Adjustment of Bourdon mechanism. 



D. possible trouble: 

IMPROPER LINKAGE ADJUSTMENT 

The Bourdon tube is connected to the pointer by a 
linkage containing a sector gear that engages a pinion 
on the pointer spindle. For every movement of the 
tube, there is a corresponding movement of the pointer. 
The amount the pointer moves is dependent upon the 
ratio of movement between the two, as determined by 
the adjustable linkage mechanism (see Figure 19-2). 
If the linkage is not set in the correct position, an 
error of variable magnitude will be introduced. This 
error can be detected when the gage is calibrated. The 
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2. Repair. Inaccurate gages that are in need of new 
parts should be sent to a repair ship. 

f. possible trouble: 
pointer does not read zero for 
atmospheric pressure 

This indicates an error of constant magnitude. The 
gage will probably be off approximately the same 
amount over the entire scale range. 

1. Causes and prevention. Such error may be due to: 

(a) Pointer loose on the spindle. 

(b) Permanent strain of the tube. 

(a) Pointer loose on the spindle. See (b) Pointer loose 
on the spindle, page 330. If the pointer is displaced, 
it should be set properly. 

(b) Permanent strain of tube. There is nothing that 
can be done to repair a tube that has been subjected to 
a stress greater than its elastic limit. The gage reading 
will naturally be off if the tube has been permanently 
stretched. 

2. Repair. Most gages have a pin placed at the zero 
mark of the scale. The pointer rests upon this pin at 
zero pressure. Some gages have this pin advanced a 
slight amount from the zero mark in order to have the 
pointer resting against the pin under a slight pressure. 
This is to prevent vibration when the gage is not in 
use. There is also a disadvantage to this pin. If the 
pin were not there (advanced from the zero mark), it 
would be easy to tell, merely by a glance, if the gage 
were out of order. The position of the pin should be 
checked, for it may have a lot to do with whether or 
not the gage reads zero for atmospheric pressure. To 
check the gage, the pin should be removed. For 
replacement of the pointer, see 2. Repair, page 330. 
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Figure 19-4. U-tube manometer, open fype. 
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19A2. Manometers. The Bourdon gage can be 
used with reasonable accuracy for measuring lubri- 
cating oil pressures, circulating water pressures, fuel 
oil pressures, and starting air pressures. It may some- 
times be used to measure scavenging air pressures. For 
the measurement of the back pressure within the ex- 
haust manifold, another instrument is often used be- 
cause of the small pressure differential encountered. 
This instrument is the manometer. It is also used in 
connection with the pneumercator, an instrument to 
measure fluid height in the ship's tanks. Sometimes 
the manometer is also used for measuring scavenging 
air pressures and crankcase vacuum. 

In the manometer, a fluid column is used to measure 
pressure or vacuum, the height of fluid being known as 
feet or inches head of fluid. If a vacuum is being 
measured, the result is usually expressed as inches of 
water ("H 2 0) or inches of mercury ("Hg) vacuum. 
The simplest and most common type is the U-tube 
manometer, open type, shown in Figure 19-4. The 
bend is filled with a liquid, usually water aboard ship. 
Other fluids in use are mercury and oil. 

In Figure 19-4, if both legs are connected to the 
same pressure, the level will stand at an even height. 
However, if one pressure is greater than the other, the 
column of liquid will move until both pressures bal- 
ance each other. The difference in liquid level will be 
proportional to the difference in pressure existing 
between the two pipes. In the open type, one leg is 
open to the atmosphere and the other leg connected to 
the line being measured. A gage pressure is obtained. 
In the illustration, the left leg (atmospheric pressure) 
is subjected to the smaller pressure; that is, its level is 
higher. The value of H will be the value of the pres- 
sure within the line. 

If the manometer in the illustration were attached 
to a line in which a partial vacuum exists, the left leg 
of the manometer (atmospheric pressure) would then 
be subjected to the greater pressure; that is, its level 
would be lower. 

There are many other types of manometer in use, 
such as the inverted U-tube, closed type differential 
pressure, inclined, and cistern type, but these are not 
usually found aboard ship. It must be remembered 
that the liquid level of all manometers is subject to the 
roll of the ship. Only the open type manometer is 
considered in this discussion. 

Because of their simplicity, not many troubles are 
encountered with manometers. The operation of the 
manometer is dependent only on a column of fluid, and 
not upon a system of gears and linkages such as those 
used in the Bourdon gage. 
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A. possible trouble: 

LOSS OF PRESSURE 

This trouble becomes apparent when the manometer 
gives a low reading when connected to a line of known 
pressure. 

1. Causes and prevention. Loss of pressure may be 
due to: 

(a) Hole in flexible connection. 

(b) Flexible connection not tight. 

(c) Clogged line. 

(a) Hole in flexible connection. The manometer is 
connected to the line in which the pressure is being 
measured, by a flexible rubber hose or other type of 
tubing. Loss of pressure will occur if there is a hole in 
this tubing, with consequent low pressure reading. 

(b) Flexible connection not tight. The hose or tubing 
should be tight over each leg or leakage will occur. 

(c) Clogged line. Occasionally the connecting line 
between the gage and the line of which the pressure is 
being measured, becomes clogged with foreign de- 
posits. This will give a low pressure reading. All 
connecting lines should be blown out if there is any 
indication that the line may be clogged. 

2. Repair. The flexible connection should be kept 
in good condition; kinks or sharp angles should be 
avoided when installing it. 

b. possible trouble: 
loss of liquid 

Water is probably the most common liquid used 
aboard ships in manometers. Sometimes it is colored 
to aid in the determination of its level. If oil is used, 
its specific gravity must be taken into account. Specific 
gravity is the ratio of the weight of a substance com- 
pared with the weight of an equal volume of water. 

1. Causes and prevention. Loss of liquid may be a 
result of the following: 

(a) Too great pressure. 

(b) Use of incorrect fluid. 

(a) Too great pressure. It is obvious that if a manometer 
is connected to a line under greater pressure than the 
range of the manometer, the liquid is liable to be 
blown out of the tube. The correct manometer must 
be connected to each line. 

(b) Use of incorrect fluid. Because of the difference in 
specific gravities, the different fluids in use will not 
move the same height under the application of the 
same pressure. It is evident that if the incorrect liquid 
is used, there is a possibility of the liquid rising com- 
pletely out of the tube. 
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2. Repair. Before replacm^ 
need cleaning. A dirty tube will nil... ^ tU ^e may 
tion of the correct liquid level. Dirt, rusi,^flnfla- 
collect on top of the liquid and change the reaQvAk 
After the liquid has been removed, a solution of nitric 
and hydrochloric acid can be used to clean dirty tubes. 
Only clean liquid should be used when replacing. 
When replacing mercury, a medicine dropper can be 
used with a thin wire to guide the mercury into the 
bottom of the tube. Each drop placed on the wire will 
drop directly to the bottom and on top of the preceding 
drop, thus preventing air bubbles from entering the 
system. 

19 A3. Engine indicators. Engine indicators are 
used to measure cylinder pressures, both firing and 
compression. They can be used in conjunction with 
exhaust temperature readings to help diagnose opera- 
tional troubles. Most indicators generally used with 
diesels are either of the spring balance type or the 
trapped pressure type. 

The Premax indicator, model YBC, is of the spring 
balance type and employs: 1) a spring to balance the 




AND BATTERY 
Figure 19-5. Premax indicator, model YBC 
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£)/£^ _ - circuit to indi- 

c ylindc r D oafanced. 

Caf e when t ., SS1 ^' aiscusslon on tnc principle of oper- 
In^rjkcquent reference should be made to Figure 
19-5. The indicator is connected directly to the engine 
cylinder with the indicator piston (6) being exposed 
to the cylinder pressure. A helical spring (3) acts 
against the piston and the cylinder pressure. There is 
an index sleeve (2) that is used to adjust the spring 
compression to balance the cylinder pressure. When- 
ever the engine cylinder pressure is greater than the 
tension of the spring, the piston will be forced from its 
seat, closing the contact switch (5) of the neon light 
circuit. A visual flash will appear at the neon light 
flasher. The gas pressure will drop as a result of ex- 
pansion and the piston will scat, opening the contact 
switch. This cycle will be repeated every time the 
cylinder fires, giving a flashing light. 

To obtain a reading, the spring tension must be 
increased until the flashes just disappear, indicating 
that the spring tension is sufficient to balance and stop 
the movement of the piston. When this exact balance 
between the two opposing forces is reached, the switch 
will remain open and the pressure within the cylinder 
can be read from the scale. 

To obtain compression pressures, the fuel pump is 
cut out to the particular cylinder and the same proce- 
dure is used. 

The usual manner of obtaining readings is to take 
two readings for each pressure and compute an average 
value. These two readings may be taken by first turn- 
ing the index sleeve until the flashes begin to appear. 
The reading at this point will be No. 1. The index 
sleeve is rotated opposite to the previous direction 
until the flashes just disappear. This will be reading 
No. 2. An average of these two values will be the 
maximum cylinder pressure. This method of obtaining 
readings is also helpful in detecting whether or not the 
instrument needs cleaning (described later in this sec- 
tion). This indicator is a precision instrument. Proper 
handling, installing, and operating will reduce the 
troubles encountered. 

It is essential that the indicator be kept clean and 
free from all dirt, because of the lightweight parts and 
delicate design involved. Dirt in the bearings of the 
moving parts will affect the balance of the instru- 
ment. The indicator valve must not be left open longer than 
necessary. The high temperatures will not only de- 
crease the indicator's life, but will also make it diffi- 
cult for the operating personnel to handle. The wear- 
ing of gloves is a great advantage when pressures are 
taken. If they are not worn, there is danger of being 
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burned and also the extreme danger of dropping the 
instrument. 

The index sleeve should always be rotated to corre- 
spond to a zero pressure reading on the scale before the 
indicator is secured and stowed for future use. This 
relieves the instrument of all spring tension. 

a. possible trouble: 

GUMMED INDICATOR PISTONS 

Gumming of the piston is evidenced by a large travel 
of the index sleeve, at or near the balance point, with- 
out any flashing of the neon light. Both the piston 
and cylinder may be coated with a varnishlike deposit. 
If this deposit is allowed to accumulate, low erratic 
readings will be obtained. Gumming of the indicator 
piston will also be evident in a growing spread between 
reading No. 1 and reading No. 2, mentioned previously. 

1. Causes and prevention. Gumming of the piston 
may be caused by: 

(a) Failure to blow the connection out. 

(b) Poor conditions of engine operation. 

(c) Improperly lubricated piston. 

(a) Failure to blow the connection out. Before attaching 
the indicator, the connection should be opened to 
allow the exhaust gases to expel all carbon, oil, soot, 
and dirt that may have collected. If not, this material 
will collect and lead to a gummed indicator piston. 

(b) Poor conditions of engine operation. Incomplete 
combustion and excessive cylinder temperatures caused 
by the condition of the engine will aid in gum forma- 
tion. They make it difficult to keep the indicator in 
good working condition. 

(c) Improperly lubricated piston. The piston must work 
freely; a gummed piston cannot. The indicator manu- 
facturer recommends that in taking readings, a dry 
piston be maintained, as oil will tend to form deposits 
which cause sluggish action of the instrument. This 
necessitates wiping the piston and cylinder free of oil 
before the indicator is attached to the engine. How- 
ever, the piston must be lubricated after it is cleaned 
preparatory to being stowed for future use. This will 
tend to prevent rusting. Only a thin film of lubricant 
should be placed on the piston. 

2. Repair. While it is still hot, the indicator piston 
should be cleaned with a cleaning fluid supplied by the 
manufacturer. If none is available, acetone may be 
used successfully as it is effective in removing gummy 
carbon deposits. Compression pressure tests form less 
deposits in the indicator than firing pressure tests, due 
to the lower temperatures encountered. The type of 
lubricant and the parts to be lubricated before the 
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1. Cause and prevention. This trouble is caused by 
reversed connections. The iron wire of the thermo- 
couple should be connected by its extension lead to the 
positive terminal of the selector switch, and the con- 
stantan wire of the thermocouple should be connected 
by its extension lead to the negative terminal of the 
switch. If these connections are reversed, the pyrom- 
eter will read backwards for the particular cylinder. 
The two extension leads are usually of the same metal 
as their thermocouples. The iron wire should have an 
iron wire extension, and the constantan wire should 
have a constantan wire extension so that the cold junc- 
tion will be located at the pyrometer. 

2. Repair. The connections for the faulty cylinder 
must be reversed. The iron wire can be identified by a 
magnet if there is any doubt as to which is the positive 
wire. The constantan is the negative wire and is 
nonmagnetic. In several installations, the iron wire is 
identified by a black braid covering while the constan- 
tan wire has a white braid covering. 

d. possible trouble: 
pyrometer reads backwards for every cylinder 

This can be evidenced by the pointer dropping below 
zero when the switch is rotated to each cylinder. 

1. Cause and prevention. This trouble is caused by 
reversed connections; that is, the extension wires from 
the selector switch to the pyrometer have not been 
correctly connected. 

2. Repair. The connections to the pyrometer should 
be reversed at the selector switch. 

c. possible trouble: 

INCORRECT ZERO OR OPEN CIRCUIT POINTER POSITION 

This can be evidenced by comparing the zero or 
open circuit reading of the pyrometer with the actual 
room temperature. The trouble is apparent if a serious 
difference between the two readings is obtained. 

1. Cause and prevention. This trouble is caused by 
incorrect adjustment. The cold junction is at room 
temperature. There is an automatic cold junction 
compensator that sets the zero (or open circuit) posi- 
tion of the pointer to coincide with actual room tem- 
perature. If this does not bring the pointer to room 
temperature, the pointer must be moved manually. 

The zero adjusting screw marked on the face of the 
instrument has been the cause of maladjustments in 
many instances. Some operators misinterpret the 
words "zero adjusting screw" and adjust the pointer 
to zero on the dial instead of to room temperature. 
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Make sure that the dial pointer is adjusted to room tempera- 
ture when the dial is in the zero position. 

2. Repair. To move the pointer, most pyrometers 
have a zero adjusting screw situated on the face. The 
screw can be turned with a screwdriver. 

d. possible trouble: 
incorrect temperature readings 

This can be evidenced by discrepancies when the 
readings are compared with those given by other tem- 
perature measuring devices known to be correct. It 
can also be evidenced if the pyrometer fails to operate, 
or when the pyrometer reads zero for any one cylinder 
when all the other cylinder readings are satisfactory. 
The extent of the trouble can be localized as to one 
cylinder unit, or to a trouble common to the entire 
system. 

1 . Causes and prevention. Following are the causes of 
this trouble: 

(a) Damaged millivoltmeter. 

(b) Loose wiring connections. 

(c) Dirty contacts. 

(d) Dirty thermocouples. 

(e) Grounded wiring. 

(f) Broken wiring. 

(a) Damaged millivoltmeter. The millivoltmeter is 
the instrument used to measure the voltage produced. 
The coil within the instrument can become easily dam- 
aged by rough or inexperienced handling. Its sensitive 
balance is easily destroyed, rendering it inaccurate. 
An open circuit can exist within the indicator which 
will give a zero reading. An open circuit can be deter- 
mined by a method mentioned under 2. Repair, page 
341. 

(b) Loose wiring connections. This is evidenced by 
pointer fluctuation. It can occur either within the 
thermocouple itself or external to it. The constantan 
wire and iron wire are welded together to form the 
hot junction within the thermocouple. This weld 
may easily break or burn loose, destroying the junc- 
tion. Within the thermocouple, the pyrometer wire 
terminal may have worked loose. (See Figure 19-16.) 
This could also occur at the selector switch terminals 
and indicator terminals. 

(c) Dirty contacts. The selector switch contacts may 
become coated with a thick layer of dirt, grease, etc. 
This will lead to inaccurate readings with the possi- 
bility of a zero reading. The contacts must be kept 
clean. 

(d) Dirty thermocouples. After being exposed to ex- 
haust gases, thermocouple stems become coated with 
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fairly high voltage. The voltage is transmitted to the 
recording instrument, usually a voltmeter, calibrated 
to indicate speed directly in units of revolutions per 
minute (rpm). This instrument functions with the 
engine running in either the ahead or the astern direc- 
tion. The brushes are of a self-lubricating material 
and are carried in a self-aligning holder that equalizes 
the pressure on both brushes. 

a. possible trouble: 

pointer not at zero when engine is secured 

This is observed when the pointer does not read zero 
with the engine not running. 

1. Cause and prevention. This trouble is caused by 
improper adjustment. There is a zero adjusting screw 
on the instrument case in some of the installations. 
A slight turn of this screw will bring the pointer into 
its correct zero position. If the correction of zero 
reading is greater than can be accomplished with the 
screw, the instrument needs repair. 

2. Repair. A screwdriver is used to turn the adjust- 
ing screw. The manufacturer's suggestions should be 
followed as to whether the generator should or should 
not be dismantled in any attempt to service the inter- 
nal parts, other than to clean the commutator and 
brushes, as incorrect speed indications may result. 

b. possible trouble: 

pointer reads astern with engine going ahead 

The dial is calibrated to read in both the astern or 
the ahead direction. 

1. Cause and prevention. Improper terminal connec- 
tions are the cause of this trouble. The plus terminal 
of the generator is indicated by its relation to the 
crankshaft rotation. The correct rotating direction of 
the generator must be determined for the ahead direc- 
tion of engine rotation. The plus terminal of the ta- 
chometer indicator and the plus terminal of the gener- 
ator must be connected together. 

2. Repair. The connections are marked. The leads 
are merely changed to the correct terminals. 

c. POSSIBLE trouble: 
FLUCTUATION OF POINTER 

This can be detected by erratic operation of the 
pointer leading to inaccurate speed indications. A 
mechanical device known as a revolution counter can be 
used to determine any inaccuracy in the tachometer 
reading; that is, if the tachometer does not include a 
built-in counter to record revolutions. When a hand 
counter is used, it must be held horizontally and placed 
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directly against and into the indentation in the rotating 
shaft. The operator must not lean on the counter. This pre- 
caution is taken not only to prevent damage to the 
counter and possible inaccurate indications, but also 
to prevent personal injury. 

1. Causes and prevention. This trouble results from: 

(a) Improper grounds. 

(b) Improper electrical contacts. 

(a) Improper grounds. The case must be grounded to 
avoid static charges. In addition, if the wires run in a 
metal conduit, the conduit should also be grounded. 
The wires, however, must be kept free from all elec- 
trical grounds. 

(b) Improper electrical contacts. The generator, similar 
to all generators, requires periodic cleaning. The elec- 
trical contacts should be examined quarterly, or oftener 
if necessary, for pitting, oxidation, fusion, and wear. 
Anything that will change the contact resistance will 
change the voltage generated and thereby change the 
speed indication. Dirty brushes and commutator lead 
to high contact resistance. The electrical contacts at 
the terminals should also be inspected and cleaned. 

2. Repair. Extreme care must be used in cleaning 
brushes as they damage easily. A clean, dry linen cloth 
may be used. The commutator can be cleaned in a 
similar manner with the aid of a sharp wooden stick. 
This stick is used to force the cloth between the com- 
mutator segments. Under no circumstances should benzine 
or any cleaning fluid be used. 

d. possible trouble: 
tachometer reads low 

This can be evidenced by comparing the readings 
with a revolution counter. 

1. Cause and prevention. A low reading on the ta- 
chometer is caused by insufficient magnetic field. The 
magnetic field, through which the armature of the 
generator rotates, is produced by permanent magnets. 
As the pole strength of these magnets decreases, the 
field strength decreases with a decrease in voltage pro- 
duced. This will cause less voltage for a certain speed 
with a consequent lower speed indication than that 
actually being made. As the strength decreases, the 
error becomes greater. The magnet must then be 
reenergized. 

2. Repair. To reenergize the magnet, it must first 
be removed from the generator. It can be drawn across 
the end of a coil magnet (iron core) that has a large 
current flowing through its coils. The polarity of the 
magnet must not be reversed when reenergizing it. 
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